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Tats  book,  the  first  draft  of  which  was  written  six  years  ago,  is  the 
outgrowth  of  the  introduetory  course  in  oheini.stry  which  the  author 
has  given  for  the  past  fifteen  years.  A  subject  undergoing  the  per- 
sistent, though  unconscious  criticism  of  keen  tninds  should  gain  in 
self-consistency  and  coherence  as  it  is  preaentetl  year  after  year.  For 
example,  an  answer  must  be  found  for  the  (ioinmon  question,  ■•  Why 
does  the  chemistry  of  the  laboi-atory  differ  from  the  chemistry  of  the 
text-book  and  the  lecture  to  such  an  extent  that  they  seeju  to  lie  different 
sciences  ?  "  The  chemistry  of  the  laboratory  is,  of  course,  the  only 
real  chemistry,  and  that  of  the  lecture  must  be  somewhere  at  fault. 
The  student  neither  sees  nor  weighs  atoms,  for  instance,  and  so  the 
details  of  the  lalwratory  experiment,  which  air  seen  and  Studied,  become 
the  basis  of  the  whole  treatment.  The  atom  and  the  ion  assume  the 
rflle  of  merely  figurative  aids  in  the  description  of  the  facts.  Gradually 
the  conception  of  chemical  equilibrium  comes  to  Pontribut.e  the  major 
part  of  the  explanation  which  is  essential  to  the  evolution  of  a  sj/stein 
of  chemhtry  founded  upon  experiment. 

In  the  choice  and  arrangement  of  the  material,  several  principles 
have  served  as  guides  : 

The  book  is  intended  primarily  for  students  Ijeginniug  the  study  of 
chemistry  in  a  college,  university,  or  professional  school.  It  is  asaiuned 
that  use  of  the  book  goes  hatul  in  hand  with  systematically  arranged 
laboratory  work  in  general  chemistry.  The  fii-st  four  chapters,  for  ox- 
ample,  contain  a  discussion  of  a  few  typical  experiments.  They  appeal 
directly  to  experience  derived  from  the  performance  and  observation 
of  these  and  other  similar  experiments  in  the  laboratory  and  in  the 
class-room.  In  these  chapters  some  of  the  features  which  are  charac- 
teristic of  every  chemical  phenomenon  are  sought  out,  put  into  words, 
and  illustrated. 
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No  conception  is  defined,  and  no  generalization  or  law  ia  developed, 
until  such  a  point  has  been  reached  that  applications  of  the  conception 
and  experimental  illustrations,  later  to  be  related  in  the  lav,  have 
already  been  encountered,  and  there  is  about  to  be  occasion  for  further 
applications  and  illustrations  of  the  same  things  in  the  chapters 
iinmediately  succeeding.  In  these  chapters  the  applications  are 
frequent  and  explicit.  Later,  page  references  in  parentheses  con- 
tinue to  indicate  the  recurrence  of  examples  whicli  might  other- 
wise fail  to  be  noticed.  It  is  one  thing  to  come  to  know  a  principle 
of  the  science,  and  quite  another  thing  to  have  acquired,  by  constant 
repetition  of  the  process,  a  oonhrmed  kaiit  of  ugin^  the  prin- 
ciple on  every  appropriate  occasion.  To  assist  still  further  in  the 
attainment  of  this  end,  an  attempt  is  made  in  the  last  six  chapters 
again  to  mention  and  illustrate,  by  way  of  review,  the  most  Important 
principles  of  the  science. 

No  conception  or  principle  is  given  at  all,  unless,  in  its  most  elemen- 
tary aspects,  it  can  be  made  clear  to  a  beginiier  ;  and  unless  it  Is 
capable  of  nnmeroua  applications  in  elementary  work;  and,  tinally, 
unless  a  knowledge  of  it  is  of  material  use  in  organizing  and  unifying 
the  result  of  such  elementary  work. 

An  attempt  has  been  made  to  state  the  laws  and  to  define  the  con- 
ceptions of  the  science  in  terms  of  experimental  facts.  The  figurative 
language  of  hypothesis  has  been  employed  only  in  explanations. 

Familiarity  with  physical  conceptions  and  facts  is  so  indispensable 
to  the  chemist  that  no  apology  is  needed  for  the  rather  fuU  treatment 
which  some  of  them  have  recei  ved. 

No  two  chemists  would  agree  perfectly  in  regard  to  the  apportion- 
ment of  space.  The  processes  of  chemical  industry,  and  the  every-day 
applications  of  chemical  science,  cannot  all  be  mentioned.  These 
fields,  and  that  of  mineralogy,  can  be  represented  by  examples,  with- 
out the  incompleteness  of  the  result  being  in  any  way  a  detriment  to  a 
work  of  a  general  character.  Again,  a  dense  array  of  descriptive 
material,  uuillumined  by  explanation,  is  a  positive  injury  to  an  intro- 
ductory treatise.  All  reference  to  historical  matters  cannot  be  omitted, 
but  a  logical  display  of  the  subject  can  be  achieved  with  comparatively 
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UtUe  of  the  history  Of  all  the  aspects  of  the  science,  the  theoretical 
is  thus  the  one  whose  treatment  is  susceptible  of  least  abbreviation. 

The  principles  of  chemical  equilibrium  are  (and  hare  been  for  the 
past  half-century)  fully  as  much  required  for  intelligeut  consideration 
of  the  amplest  experiment,  as  is  the  theorj*  of  combining  proportions 
itself.  Important  parts  of  the  theories  of  eolutioiis  and  of  the  battery 
are  much  more  recent,  but  each  is  equally  indispensable  to  the  uuder- 
Btauiding  of  matters  which  cannot  long  be  withheld  from  the  notice  of 
the  beginner.  Surely  space  ought  not  to  be  saved  by  entire  omission  of 
essential  parts  of  the  chief  thing  that  makes  chemistry  at  all  worthy 
of  a  place  amongst  the  sciences.  Nor  may  we  attain  brevity,  no  matter 
how  great  the  temptation,  by  condensing  the  passages  on  theory  until 
they  reach  the  limit  of  compreheiisibility  by  an  expert.  Without  clear 
exposition,  fall  illustration,  and  frequent  application,  laws  and  princi- 
ples simply  repel,  or  worse  still,  mislead  the  beginner. 

We  reach  the  same  conclusion  from  another  view-point.  Every 
tdent  should  have  access  to,  and  should  use,  reference  books  devoted 
ially  to  descriptive,  industrial,  historical,  and  physical  chemistry, 
and  to  mineralogy  and  crystallography  —  at  least  one  good  hook  in 
each  of  these  five  subjects.  With  the  help  of  the  index,  the  \'eriest  tyro 
oao  find  in  a  few  moments,  almost  anything  he  wants  in  four  out  of 
five  of  these  branches.  But  just  the  opposite  is  the  case  with  the 
theory.  Only  an  expert  realizes  what  information  he  is  in  need  of, 
and  knows  under  what  titles  to  look  for  it.  And  often  even  the 
exjjert  would  fail  to  understand  the  isolated  sentence  or  paragraph 
when  found.  In  a  large  proportion  of  connections  the  beginner  sim- 
ply cannot  use  such  a  book  for  rapid  reference  at  all.  In  many  lines, 
therefore,  much  may  be  left  to  outside  reading,  but  for  theory  almost 
DO  dependence  can  be  placed  on  reference  work  in  other  hooks. 

For  the  reasons  enumerated  above,  an  unusually  large  proportion 
of  space  has  been  given  to  theoretical  matters.  The  actual  amount  of 
theory  is  no  greater  than  is  usual  in  books  of  the  same  class,  but  the 
explmiations  are  often  fuller.  Even  so,  the  beginner  will  probably 
find  that  some  parts  form  reading  as  stiff  as  any  he  is  accustomed  to 
undertake,  without  complaint.  In  physics  or  mathematics.     It  can  only 
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PREFACE 

be  said  that  easily  read  moiks  of  i>resentiug  the  science  of  chemistry 
are  apt  to  delude  the  liegimier  into  thinking  he  has  mastered  the  sub- 
ject, when  in  reality  he  has  simply  been  steered  clear  of  the  chief  diffi- 
culties. 

The  order  of  topics  was  determined  by  many  considerations, 
jointly.  For  example,  in  the  first  week  of  his  work,  a  student  may 
encounter  experiments,  in  eonnecfcion  with  which,  almost  every  part  of 
chemical  theory  might  usefully  be  discussed.  But  mastery  of  the 
theory  must  necessarily  come  bit  by  bit,  and  the  theory  is  therefore 
distributed  through  the  book.  Instead  of  l>eing  introduced  as  soon  as 
a  fragment  offers  a  chance  for  explauation,  the  treatment  of  each  of  the 
various  theoretical  subjects,  as  far  as  possible,  has  been  postponed  untii 
a  whole  chapter  could  be  devoted  tra  it.  The  result  makes  subsequent 
reference  easier,  and  facilitates  alterations  in  the  order  of  study. 
Thus,  the  hypothesis  of  ions  is  not  mentioned  as  soon  as  it  well  might 
be,  because  satisfactory  treatment  of  it  must  follow  the  molecular  and 
atomic  hypotheses  of  which  it  is  an  extension,  and  because  the  full 
explanation  of  this  hypothesis  must  be  preceded  by  some  account  of  the 
phenomena  of  electrolysis  and  of  the  essential  properties  of  solutions, 
and,  also,  by  a  discussion  of  chemical  equilibrium,  a  subject  which  of 
necessity  presupposes  two  or  three  months'  work  in  chemistry.  There 
is  another  disadvantage  which  arises  from  a  premature  explanation  of 
the  hypothesis  of  ionization.  When  it  appears  at  an  early  stage,  too 
long  an  interval  separates  this  subject  from  the  study  of  the  metallic 
elements,  and  the  details  are  largely  forgotten  before  the  field  for  their 
chief  employment  is  reached. 

The  paragra])hs  in  smaller  tjrpe  are  not  intended  for  beginners,  but 
for  advanced  students  and  teachers,  which  accounts  for  the  fact  that 
reference  will  frequently  be  found  in  them  to  subjects  treated  system- 
I  atically  in  later  chapters. 

^B  The  exercises  and  problems  are  simply  samples  of  some  of  the 

I  various  kinds  of  questions  which  might  be  raised  in  dozens  at  the  end 

I  of  every  chapter, 

I  Recent  works  on  general  chemistry  have  Iwen  consulted  during  the 

I  revision  of  the  manuscript.     Of  these  A.  A.  Noyes'  admirable  General 
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Prineiples,  Ostwald's  Grundlinien  —  a  veritable  tour  de  force,  and  Blox- 
am's  Chemistry  may  be  mentioned  as  having  proved  most  suggestive. 
The  author  owes  special  thanks  to  several  friends  who  have  undertaken 
the  toilsome  work  of  reading  part  or  all  of  the  book  in  manuscript  or  in 
proof,  and  in  particular  to  his  colleagues  Messrs.  Julius  Stieglitz,  H.  N. 
McCoy,  L,  W.  Jones,  and  E.  S.  Hall,  to  Dr.  J.  B.  Tingle  of  Johns 
Hopkins  University,  to  Mr,  C.  M.  Wirick  of  the  R.  T.  Crane  High 
School,  Chicago,  and  to  Mr.  Maurice  PincofEs  of  Chicago.  The  author 
alone  is  responsible  for  any  defects  which  may  be  inherent  in  the  plan 
of  the  book  and  for  errors  which  may  have  escaped  detection,  but  must 
gratefully  acknowledge  the  very  great  benefit  the  book  has  derived 
from  the  friendly  criticism  of  these  gentlemen.  Other  corrections  or 
suggestions  will  be  gladly  received  by  the  author. 

Chicago,  January,  1906.  Alexandkb  Smith. 
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CHAPTER   I 
UTTRODUCTORT  I 

HcxAN  knowledge  has  become,  in  recent  times,  so  extensive  and 
complex  that  the  truths  ascertained  have  had  to  be  divided,  more  or 
less  arbitrarily,  into  groups.  Thus,  the  study  of  animals,  their  classi- 
fication by  structure,  life-history,  distribution,  and  so  forth,  form  the 
group  known  as  zodlogy.  Such  a  group  is  called  a  science,  and  in- 
cludes a  more  or  less  distinct  body  of  knowledge.  That  the  boun- 
daries of  these  groups  are  purely  arbitrary,  and  do  not  exist  in  the 
subject-matter  itself,  is  seen  at  once  in  our  own  treatment  of  them. 
Thus,  for  convenience,  we  take  the  structure  of  animals  by  itself  and 
style  it  anatomy;  but  we  include  in  the  science  of  physiology  the 
study  of  the  way  in  which  the  parts  of  both  plants  and  animals  per- 
form their  functions ;  and  we  assemble  cognate  parts  of  two  groups 
in  sciences  like  astro-physics  and  physical  chemistr}-.  The  sciences, 
therefore,  are  not  mutually  exclusive,  and  their  boundaries  overlap  in 
every  direction. 

The  difficulty  in  deciding  what  are  the  most  convenient  boundaries 
is  as  great  with  chemistry  as  with  the  other  groups.  At  the  one 
extreme  we  have  the  abstract  sciences,  logic  and  mathematics.  At 
the  other  extreme  lie  the  concrete  sciences  like  geology,  zoology,  and 
astronomy.  The  former  are  not  concerned  primarily  with  the  study 
of  matter  at  all,  but  with  that  of  abstract  conceptions.  The  latter 
deal  with  definite  aggregates  of  matter,  such  as  the  nature  and  his- 
tory of  a  particular  deposit  of  sulphur  and  their  relation  to  those 
of  other  deposits  of  sulphur,  or  the  structure  and  history  of  a  partic- 
ular collection  of  organic  material  known  as  a  pike,  and  their  relation 
to  the  structure  and  history  of  a  mass  of  similar  material  called  a 
salmon.  Between  these  two  sets  of  sciences  are  the  regions  occupied 
by  the  abstract-concrete  sciences,  physics  and  chemistry.  These 
sciences  deal  in  part  with  the  same  portions  of  matter,  but  in  a  more 
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abstract  way  than  do  geology  or  biology.  To  them,  all  specimens  of 
pure  sulphiu'  are  alike,  whether  they  have  been  formed  by  volcanic 
action,  or  have  been  deposited  by  baeteriii  in  an  entirely  different 
manner.  In  particnlar,  the  line  which  divides  physics  and  chemistry 
from  one  another  is  often  difficult  to  draw.  It  is  assumed,  however, 
that  the  reader  is  already  familiar  with  the  elements  of  physics,  and 
so,  in  place  of  entering  ujion  ;m  academic  discussion  of  the  nature  of 
this  line,  we  shall  allow  its  location  to  emerge  as  we  proceed. 

The  same  principle  of  grouping  is  pursued  within  each  field. 
Thus  the  preparation  and  jJTOperties  of  chemical  compoiuids  is  called 
(lescnjitii't;  chemistry,  and  the  content  of  this  portion  of  the  subject 
1b  in  ttirn  classified  according  to  a  plan  involving  the  consideration  uf 
the  constituents  of  each  compound.  The  study  of  the  proportions  of 
the  constitiients  in  componuds,  of  the  wmditious  tmder  which  chem- 
ical action  occiu's,  and  related  matters  of  a  more  abstract  character, 
are  grouped  together  in  theoi'rtiraf  chemistry,  which  is  likewise  sub- 
divided. Again,  the  means  that  have  been  devised  for  recognizing 
the  cuiiiponeuts  of  mixtures  or  compounds  and  measuring  their  quan- 
tities constitute  the  several  branches  of  tsnali/sis.  The  subdivisions 
of  chemistry  of  this  kind  are  numerous. 

The  ideal  in  view  in  thus  classifying  the  content  of  a  science  is  to 
convert  it  into  an  organized  body  of  kno'vrledge.  The  various  ways 
used  to  organize  the  facts  of  a  science  will  l>e  presented  in  debiil  as 
opportunity  offers.  These  ways  constitute  what  is  called  tlie  scientific 
mettaod. 

It  ia  only  by  following  intelligently  the  way  in  which  the  .science 
is  manufactured,  step  by  step,  ont  of  the  raw  material  furnished  by 
observation  and  experiment,  that  the  student  can  gain  a  sound  foun- 
dation for  more  advanced  work  in  the  same  science,  or  a  mental  train- 
ing broad  enough  in  its  tendency  to  add  measurably  to  his  efficiency 
in  every  other  task.  The  chief  object  of  useful  thought,  no  matter 
whether  the  problem  is  one  of  language,  history,  business,  or  life,  is 
to  organize  isolated  facts  into  knowledge,  and  the  means  of  success- 
fully accomplishing  this  is  the  use  of  the  scientific  method. 

Chemical     Phenomena :    Their    Most   Obvious     Character' 

isUe.  —  Chemistry  being  primarily  an  experimental,  and  not  a  purely 
abstract  science,  we  can  best  nmke  our  first  approach  to  it  through  the 
consideration  of  some  familiar  chemical  phenomena  which  shall  serve 
as  illustrations. 
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When  clean  iron  is  exposed  to  air  and  moisture  it  becomes  rusty, 
first  on  the  surfaco,  and  tiually  througliout  its  wiiole  mass.  The  iron 
with  whieh  we  start  is  a  dark-gray,  metallic-lookiiig  sulistance,  wliich 
lias  a  high  specific,  gravity  (about  7.5),  is  ductile,  has  great  tenacity, 
and  is  readily  attractt^d  by  a  magnet.  Rust,  on  the  other  band,  is  a 
reddish  or  brownish  substanfe  which  has  an  earthy  appearance,  is 
much  lighter  apeciBcally  than  iron  (sp.  gr,  aliout  4.5),  is  brittle,  and 
is  not  attracted  by  a  magnet  The  phenomenon  seems  to  have  con- 
sisted in  the  gradual  substitaition  of  the  second  of  these  substances 
fur  the  tirst. 

The  chemirul  fact  here  is  that  iron,  when  in  contact  with  air  and 
moisture,  gives  rust.  Consideration  will  show,  however,  that  we  do 
not  perceive  this  fact  except  l>y  noting  the  /Jii/s!riil  ijiia/!(i'v»  of  the 
original  and  of  the  final  materials.  The  data  dcscrilnng  a  chemical 
phenomenon  consist  in  an  enumei-ation  of  physical  observations,  like 
the  above  physical  properties  of  iron  and  rust.  It  is,  indeed,  an  in- 
variable characteristic  of  every  chemical  phenomenon  that  our  informa- 
tion is  all  derived  from  physical  study  of  the  materials.  Thus,  when 
a  candle  bums,  it  undergoes  a  chemical  change,  and  we  observe  a 
solid,  wasy  stibsta-ice  disapiieariug  progressively  from  view.  A  closer 
study  of  the  facts  sIjow.s  that  a  mixture  of  gases  is  rising  from  the 
Bame,  and  we  find  that  the  material  of  the  candle  is  contained  in  this. 
Here,  again,  we  use  physical  means  of  observation. 

It  is  further  true  of  these,  aa  of  all  chemical  plienomena,  that  the 
phifnifd  j/riipfrtit's  of  the  original  and  those  of  the  final  substances 
are  inrarinlilif  etttiri-li/  tlifffiviit.  We  observe  also  tliat  this  sort  <if 
transformation  is  alwai/g  al/rujd.  As  the  change  spreads,  the  minute 
fragment  of  iriin  of  one  niument  becomes  the  minute  fiagmeut  of  rust 
of  the  next,  and  is  endowed  at  once  with  all  the  new  properties  in  full 
measure.  No  part  of  the  mass  loses  its  magnetic  qualities  comjdetely, 
for  example,  before  it  has  reached  the  limit  of  cliango  iu  color  or  ten- 
acity. Since  we  are  compelled  to  dcfitie  the  species  of  matter  by 
their  constant  physical  properties  (see  p.  3."t),  the  possession  by  two 
or  more  bodies  of  peimanently  different  properties  constitutes  them 
ipso  farto  samjdcs  of  difTereut  materials.  Wo  niay,  therefore,  B.iy, 
more  briefly,  that  the  products  of  a  chemical  change  arc  rocognixcd 
at  once  to  he  iieir  ninl  different  siiliMiinns. 

Thus  the  moBt  obvions  characterisUo  of  a  chemical  phenomenon  is 
that  all  the  physical  properties  of  the  substances  alter,  that  this  altar- 
ation  is  abrupt,  that,  in  fact,  the  products  are  different  substanoea,  and 
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that  the  recognition  and  study  of  such  a  pbenomeuou  ia  aocompUsIied 

entirely  by  obBervationa  of  a  pJiyaical  nature.  Other  characterrstics, 
less  obvious,  but  equally  constant,  will  presently  be  brouglit  to  light. 

The  chemical  phenomena  which  are  fiuuiliar  are  innumerable. 
The  burning  of  illuminating-gas  or  of  kerosene,  the  coagulation  uf 
the  white  of  an  egg,  the  decay  of  animal  and  vegetable  matter,  the 
action  of  hard  water  on  soap,  the  "  burniiit; "  of  limestone,  ami  tiie 
slaking  of  quicklime,  are  examples.  The  reader  should  analyze  these 
(changes,  applying  the  above  criteria,  and  see  for  himself  why  they 
are  classed  as  chemical. 

So  far  aa  this  first  characteristic  is  concerned,  some  merely  physi- 
cal phenomena  will  be  recalled,  which  ate  not  unlike  the  rusting  of 
iron.  Thus,  when  water  is  raised  in  temperature,  its  properties  begin 
to  alter :  it  becomes  more  mobile,  its  specific  gravitj"  changes,  its 
refracting  power  for  light  is  modified,  and  so  forth.  At  first,  how- 
ever, these  changes  proceed  by  imperceptible  gradations  and  lack  the 
abruptness  of  chemical  change.  But  when  100°  C.  ia  reached  the 
water  passes  into  steam,  and  the  whole  of  the  properties  of  this  gas 
are  different  from  those  of  water.  Conversely,  by  cooling,  the  water 
may  be  converted  into  ice,  and  again  there  is  an  abrupt  and  profound 
change  in  properties.  On  this  aocuniit,  some  elieraists  would  classify 
"  changes  of  state  "  as  c.hemii-'al  phenomena.  More  usually,  however, 
the  absence  of  the  other  characteristics  yet  to  be  mentioned  is  held  to 
justify  the  more  comnnin  view,  and  ice,  water,  and  steam  are  regarded 
as  identical,  and  not  different  substances. 

The  very  language  we  use  bears  testimony  to  the  universal  ac- 
cepkince  of  the  view  that  a  physical  change  does  not  constitute  a 
fundamental  alteration.  Thii.'),  we  have  solid  lend  and  molten  lead, 
ah  (the  gas)  and  lirjuid  nir.  In  the  case  of  water  alone  has  it  been 
found  convenient  to  distinguish  ice,  water,  and  steam  by  separate  names. 


Fimt  and  OeneratLiattoH  or  Law.  ^If  the  preceding  paragraph 
be  reexamined,  it  will  be  seen  that  a  number  of  facta  are  mentioned 
in  it.  We  begin  the  organization  of  knowledge  according  to  the 
scientific  method  by  trying  to  determine  the  facts.  Thus,  we  find 
some  specimeDS  of  iron  are  variously  colored,  and  some  are  brittle. 
E.xamiiiatton  shnw.q,  however,  that  the  former  peculiarities  are  due  to 
pain^,  for  example,  and  the  latter  to  tlie  [iresence  of  carlion  and  other 
foreign  materials  in  the  iron  (cast  iron).  Finally,  we  ascertain  the 
facta  that  iron  itself  is  gray  and  tough. 
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Facta  are  the  ultlutBte  units  of  the  Htmctnre  of  h  scienett.  Thu«,  &  single  iso- 
lated otwservation,  no  uiaUer  how  accuratuiy  made,  does  tiot  (aruiuli  U8  wilti  the 
•on  of  tact  that  can  rtct-IvD  a  permaneui.  place  in  our  collection.  It  is  oidy  after 
much  researcli  and  iliouglit  that  wc  can  ascerttiiu  wliit'k  ai-o  the  fixed  elements  In 
the  variety  of  exjierieiice  in  any  line,  and  m  tietermine  wlial  we  the  facts,  in  tlie 
senM  in  wbicb  we  have  used  the  term. 

Putting  together  a.  statement  like  that  appearing  in  heavy  type 
above,  is  the  second  step.  We  examine  tVts  of  a  like  kind,  or  per- 
taitting  to  like  phenomeDa,  to  see  whether  any  general  statement  can 
bo  made  that  will  cover  some  feature  common  to  the  whole  of  them. 
In  the  above  illustrations,  sifter  settling  the  intrinsic  piopertiea  of 
Be%'eral  substances,  and  then  determining  the  facts  about  the  way  in 
which  these  properties  are  affected  under  certain  circumstances,  we 
decide  that,  when  all  the  properties  change  abruptly  in  a  permanent 
way,  the  cases  in  which  thia  take.s  place  shall  constitute  a  distinct 
class,  and  we  call  them  cases  of  chemical  change.  The  statement 
which  in  a  few  words  or  phrases  sums  up  those  features  of  all  the 
phenomena  of  like  kind  t\'hich  are  constant,  is  called  a  generallsatloti. 
Often  it  is  called  a  law:  there  is  no  decided  difiereui'e  in  the  «sage 
of  the  two  words.  Sometimea  it  is  descritied  as  a  priugiple  of  the 
science.  A  generalization  or  law  in  cheunstry.  therefore,  is  a  brief 
•tatement  describing  iome  conatant  mode  of  behavior. 


Of  coarse,  the  Bame  set  of  fact«  maj  be  viewed  in  many  wayi.     Picking  ottt 

relatioiuiliips  wliicb  are  uioi^t  compreliensive  and,  at  the  saine  time,  are  best 
to  form  part  of  tttlll  broader  generalizaiiona,  or  tn  take  their  places  alongaicJe 
of  equally  broad  oneB,  requires  t!ie  highest  abiliry.  Tlie  most  important  laws, 
like  that  describiiii!  the  beharior  of  gases  when  conipresseil  (Boyle's  law),  ore 
tismtlly  coiinfctod  witli  the  names  of  thE>  men  by  whom  the  relation ahipis  were  dis- 
covei'ed  and  tlie  general  i/.utioiis  forumlated. 

The  wi.iRJ  "  formulate,"  as  applieil  to  a  law,  is  preferable  to  the  word  "dis- 
cover." The  latter  is  iwnbijtnous  and  8ug|L:est«  that  tbu  law  exiKiL'd  liefore  it  was 
fiiund.  Even  the  relation  which  it  puts  into  words,  did  not,  properly  speaking, 
exisi,  bwaiise  relalinns  are  picked  out  of  a  complex  by  the  niincl,  and  the  particu- 
lar relation  elected  in  a  property  of  the  niind  nnd  not  of  the  constituents  of  the 
complex  itself. 

The  reader  must  beware  of  the  miBconception  that  a  law  enforces  behavior  in 
accordance  with  il«  tenor.  The  mere  ttaiemmt  that  every  piece  of  matter  attrai^ts 
every  other,  ciuin»>t  cmitptd  a  stone  to  fall  ;  ni>r  can  the  mode  of  behavior  of  one 
falling  stone  persnaile  any  other  to  do  likewine.  The  law  is  simply  a  record 
of  what  is  invariably  observed  to  happen. 

It  is,  therefore,  also  very  mlsleaiiinp  if  we  permit  ourselves  to  say  that  Boyle's 
law  ••acts"  80  iis  to  "cause"  gases  to  behnve  in  n  certain  way,  or  that  the  law 
"operatfs'*  to  "produce"  a  certain  behavior,  or  ihiil  other  iiehavior  is  "  impos- 
sible" to  tbfl  gas,  or  thai  the  Jaw  of  coliesion  "  LuterTenes"  wjien  the  gas  is  under 
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low  preasure,  and  ciiusea  iis  Ujiiavior  to  "diverge  from  lUat  required"  by  Borle''9 
law,  nr  U>  say  ttial  &  gas  ''  dibobeya  "  Uuyle'ii  law.  Iti  scieiititlc  diJicu!iBiuti.<!,  hucU 
%urea  uf  spetscU  are  aloiio  peiuii^ible  as  tlirow  liglit  uii  tlie  fiubjecu  I'tiLaseii 
lika  the  above,  eoiumou  as  itieir  lira  is,  have  been  MLleeied  apparently  witb  a  view 
to  introducing  a  niaxituutn  ol  disloriioji  and  obscurity.  It  in  ibe  gas  tliat  "  acts  " 
and  •■tves  rise  lo  ibc;  nmkiug  of  Boyle's  law,  aud  ibe  latter  is  only  an  epitome  o£ 
the  icas/  it  acta.  Evei-ything  tltat  may  Im  conceivyd  may  also  be  possible  iu  nature, 
altlifjiigh  there  are  iiiaiiy  tilings  vuUicli  have  uot  yet  been  known  to  occur.  There- 
fore, we  may  uot  say  that  it  is  "  impossible "'  for  a  gas  to  alter  its  volume  otherwise 
than  inversely  with  the  pressure.  The  progress  of  science  would  be  almost  com- 
pletely arrested,  if,  every  time  we  sui.'ceedwi  in  formulating  a  seemingly  satisfac- 
tory statement  of  truth  in  regard  to  some  set  of  phenomena,  the  exhibition  by 
nature  cd  any  behavior  which  wa-s  iti  conflict  with  our  atatetnent  became  forthwith 
"impossible.''  It  is  uot  the  jpis  which  '•diverge.'*"  from  our  statement  or  "dia. 
obeys"  our  law,  but  our  statement  which  is  provud  by  the  behavior  of  the  gaa  to 
be  inaccurate.  Our  procedure,  in  such  cases,  is  always  more  logical  than  oui'  lan- 
gu.^ge,  for  wo  never  attempt  to  cure  the  gas  of  its  error,  but  always  the  law  itmlf 
by  suitable  modification  iu  its  piiraseology. 

The  Explnnntlon  of  Utintlnff,  —  In  considering  the  nomplete 
disguise  wiiich  is  a-ssumed  hy  a,  substance  that  has  undergone  chemi- 
cal change,  the  first  question  which  arises  is:  Can  we  in  any  way 

aocount  foi-  tliia  great  and  permanent  change  in  properties  which  very 
generally  distiugnislies  the  chemi(;al  phenomenon  from  the  physical? 
Some  additional  facta  will  be  required  before  we  can  answer  this 
question.  Many  attempts  have  been  made,  from  the  earliest  times,  to 
learn  the  exact  nature  of  the  cliange  known  a.s  rnsting.  It  was  found 
that  many  metals  besides  iron  underwent  a  somewhat  similar  altera- 
tion, and  that,  where  the  transformation  did  not  occur  spontaneously, 
heating  prnmjited  it.  The  first  fact  which  seemed  to  throw  light  on 
the  subject  was  the  observation  that  a  piece  of  metal  becomes  heavier 
when  it  rusts.  This  was  noticed  as  early  as  1630,  by  a  French  physi- 
cian, Jean  Rey.  His  work  was  done  chiefly  with  lead  and  tin,  the 
former  of  which  gives  a  dirty  yellow,  and  the  latter,  a  white  powder, 
on  rusting,  lie  inferred  correctly  from  his  experiments  that  contact 
with  the  air  had  something  to  do  with  this  chemical  change.  Other 
investigations  on  the  s;une  snliject  were  made  by  Boyle  (1627-1091), 
Maynw  (1645-107^1),  and  Hnoke  (1C35-1703),  in  England,  and  they  led 
to  the  same  conclusion.  The  increase  in  weight  was  to  be  accounted 
for,  therefore,  by  the  supposition  tliat  some  material  from  the  air  had 
been  added  to  the  metal  during  the  process.  In  other  words,  iron,  for 
examjde,  was  one  substance  composed  of  iron  only,  and  nist  was 
auothctr  substance  composed  of  iron  and  some  other  material  taken 
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tram  the  atmosphere  j  aud,  the   two   sul»stanees   being  different  in 

composition,  their  properties  might  natumlly  be  expected  to  differ. 
Thif  substance  takeu  t'ruiu  tliu  air  wiiu  subseijueitUy  uauied  oxygen. 

A  rougli  imitatioD  of  llu'  rusting  of  iroir  loay  be  siiowii  to  be  acconipmiied  by 
Au  Lncrejuje  in  weight.  Irtiii  pnwder  is  siisjujiided  by  means  uf  a  ningni't  over  ooe 
pan  of  a  balaucu,  and  ibe  equipoiso  ia  rtsioreJ  by  placing'  auiai!  aliai  on  the  oilier 
IHUt.  When  ibo  iruu  ia  beaied,  uiuon  witb  oxygen  begins,  and,  aflfr  a  tiim-.  liw 
pointer  inclines  markedly  to  ouv  sidt),  'l'h«  product  here  is  magnetic  oiide  of 
iron  (FfJtj,  Uowever,  and  not  rust  (Ft',0^  ilL,0), 


jtn  Oltlttr  Virtu:  Fttloffiitton.  —  Simple,  and  to  a  certain  extent 

satisfacloiy,  as  this  explanation  appears  to  us,  it  must  be  said  that  it 

gained  little  sympathy  from  the  contemporaries  of  these  men,     The 

other  investigators  had  been  prejudiced  by  a  remarkable  hypotheais 

which  was  supposeil  to  explain  both  rusting  and  combustion.     Starting 

with  a  suggestion  of  Plato's,  that  during  combustion  some  material 

eainiped  from  the  burning  body,  and  that  tlie  flames  aud  heat  repre- 

sent-ed  the  vigor  with  which  this  substance  rushed  out,  Stahl  and 

iecher  invented  the  idea  that  a  substance,  which  they  called  "  phlo- 

'giston,"  was  contained  in  all  materials  capable  of  rnstisig  or  burning. 

Its  escape  accounted  for  the  phenomena  of  combustion,  and  its  absence 

for  the  alteration  in  properties  of  the  residual  substance.     They  were 

perfertly   aware  that  the   material   was   heavier   after   rusting   than 

before,  but  refused  to  sacrifice  their  hypothesis  to  a  mere  fact  like 

this.     So  they  ingeniously  appended  the  suggestion  that  phlogiston 

as  a  substance  which  not  oidy  was  not  svibject  to  gravitation,  but 

sessed  the  opposite  property  of  levity.     Thus,  its  escape  reuderetl 

t}  material  from  which  it  issued  heavier  tlian  before.     Instead  of 

enianding  the  preparation  and  examination  of  phlogiston  itself,  and 

[le  demonstration  that  it  weighed  less  than  nothing,  the  generality  of 

ihemists  of  that  age  accepted  the  idea  without  proof.     It  is  not  sur- 

irising,  therefore,  that  many  of  their  attempts  to  explain  chemical 

henomena  on  the  basis  of  an  arbitrary  assumption  like  this  should 

ve  proved  canfuaing  and  infertile.     The  fact  that  foreign  matter 

'as  actually  gained  by  a  body  during  the  process  of  rusting  was  not 

nerally   accepted    until    it   was   demonstrated    anew    by   Lavoisier 

1771).     He  showed  that  a  portion  of  the  air  really  disappeared  wlien- 

u  rusted,  and  that  tlie  increase  in  weight  of  the  tin  cori-esponded 

ith  the  loss  in  matter  of  tln3  air.     The  whole  deveJopment  of  chem- 

try  was  Stunted  by  the  general  belief  in  the  conception  of  phlogiston 
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and,  during  the  one  hundred  and  fifty  years  which  passed  between 
Jean  Key's  digcoveiy  and  Lavoisier's,  relatively  little  progress  was 
made. 

The  introduction  of  the  balance  into  the  cbemical  laboratory,  and  the  first 
aSK  oi  uieasureinontg  of  weight  as  a  meaDE  uf  i^xpluriog  and  explainuig  cbemical 
changes,  U  frequently  ascribed  to  Lavoisier.  Ah  a  mutter  oJ  fact,  it  i»  diffleult  to 
state  when  meaanrement  of  weight  tirat  becarae  the  chief  ally  of  the  chemist  in  h'm 
work.  Important  and  concliwive  results  were  obtained  by  its  meaus,  however, 
before  the  time  of  Lavoisier,  for  eiainple,  by  Jean  Hey,  Boyle,  and  Black  (1728- 
n'J9), 

Explanation  in  Science.  —  The  word  explanation,  which  was 
employed  repeatedly  in  the  last  two  sections,  is  used  in  science  as  the 
n;iine  of  a  definite  process.  It  stands  simply  for  a  deBorlptton  in 
neater  detail.  Thus,  when,  to  the  acqnainfcance  with  the  outward 
manifestations  of  rusting,  we  are  able  to  add  the  further  description 
that  it  is  produced  by  the  union  of  oxygen  from  the  air  with  iron,  we 
feel  increased  satisfaction,  and  we  say  that  an  explanation  has  been 
found.  Sometimes  we  get  tliis  satisfaction  by  an  explanation  which 
IB  a  description,  not  of  additional  facts,  but  of  some  imaginary  con- 
dition which  takes  their  place  in  our  thought.  The  hypothesis  (or 
supposition)  of  phlogiston  was  somewhat  of  this  nature  (see  Formula- 
tive  hypothesis). 

There  is  no  such  thing  as  a  final  explanation.  At  the  very  next 
step,  when  we  ask  why  the  union  of  oxygen  and  iron  produces  a  body 
that  is  red  and  non-magnetic,  we  are  compelled  to  say  we  do  not  know. 
Even  a  supposition  in  regard  to  how  this  happens  is  as  yet  lacking. 

An  explanation  in  science  never  professes  for  a  moment  to  give  the 
reasons  for  any  oocuri'ence.  We  simply  do  not  know  wfii/  behavior  in 
nature  is  as  it  is.  Hence  statements  like  that  in  regard  to  uuinn  with 
oxygen,  constitute  all  the  answer  that  we  can  give  to  the  question  with 
which  a  recent  section  (p.  8)  opened. 

Three  IHufitratlve  Chemical  Phenomena^  —  Since  oxygen  is 

an  invisible  gas,  the  demonstration  that  rusting  consists  in  the  union 

of   this  gas  with  a  metal,  requires  somewliat  complicated  apparatus. 

The  next  illustration,  while  lacking  historical  interest,  is  simpler,  be- 

'  cause  both  fiubstances  are  visible,  and  are  easily  handled. 

Iron  unites,  not  only  with  oxygen  from  the  air,  but  also,  with  almost 
equal  ease,  with  sulphur.  To  study  the  behavior  of  the  materials  we 
must  know  their  properties.     The  propeities  of  iron  we  have  already 
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rid.  t. 


eBomerated  (p.  &}.  Sulphur  is  a  pale-yellow  aubstouue  ot  low  ap»- 
oifio  gravity  (sp.  gr.  2).  It  is  easily  melted  (lu.-p.  115"  C).  and,  al- 
though it  does  Dot  dissolve  in  watef,  it  may  be  dissolved  couipletfly  in 
caurbOD  disulphide  (41 :  lliO  at  IS").*  It  urystallizea  iu  rhombic  foiins 
(Fig.  1).  iiow,  when  iron  filings  and  powdered  sulphur  are  rubbed 
together  in  a  mortar,  the  product,  although  it  has  a  different  color  from 
either  of  the  constituents,  is  still  really  com- 
posed of  the  two  original  kinds  of  matter,  side 
by  side.  With  the  help  of  a  microscope  and 
a  needle,  they  can  be  picked  apart  completely. 
By  manipulation  of  the  mixture  with  a  mag- 
net, we  may  remove  some  of  the  iron  without 
much  difficulty. 

Again,  using  the  solubility  of  sulphur  in 
carbon  disulphide  and  the  insolubility  of  iron, 
we  may  shake  the  mixture  with  this  liquid  in 

a  test-tube,  and  so  dissolve  out  the  sulphur  (Fig.  2).  When  the  con- 
tents of  the  tube  are  poured  on  to  a  filter  (Fig.  3),  the  li(juid  (the 
aitrata)  runs  through,  carrying  all  dissolved  matter  with  it,  and  leav- 
ing undi.ssolved  matter  behind.  The 
former  may  be  allowed  to  evaporate 
(Tig.  4),  when  yellow  crystals  of  rhom- 
bic outline  will  be  found  to  be  the  aote 
residue.  The  dark  material  remaining 
on  the  filter,  when  dry,  in  wholly  at- 
tracted by  a  magnet.  All  these  facta 
convince  us  that  tlie  properties  of  the 
components  are  still  unaltered,  and  that, 
therefore,  no  chemical  change  has  oc- 
curred. 

If  we  now  put  some  of  the  original 
mixture  into  a  test-tube  and  warm  it, 
we  soon  notice  a  rather  violent  develop- 
ment of  heat  taking  place,  the  contents 
begin  to  glow,  and  what  appears  to  be  a  form  of  combustion  spreads 
through  the  mass.  The  heating  employed  at  the  start  falls  far 
short  of  accounting  for  the  uiricli  greater  heat  produced.  When 
these  phenomena  have  ceased,  aud  the  test-tube  has  been  allowed  to 

•  This  expresses  the  faci  tliat  41  parts,  by  weight,  of  sulphur  (iissolve  in  100 
paru,  b}'  weight,  of  Ciirboa  dlaulphidu  at  18°  C. 
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oool,  we  find  that  it  now  contains  a  somewhat  ponDua-looking,  black 
solid.  This  material  is  brittle ;  it  is  not  magnetic ;  it  does  not  dissolve 
in  carbon  diaulphide ;  and  cloBe  examination,  even  under  a  microscope, 
does  Dot  reveal  the  presence  of  different  kinds  of  matter.  This  sub- 
_  stance  is  known  to  chemists 

as  ferrous  sulphide,  and,  as 
we  see,   its    propertiea   are 
entirely  different  from  those 
of  the  constituents. 
^  -=■  A  substance   formed   in 

\~~^/  this   way    by    the  union  of 

^~:^'^-    J^l       ^~=^E^^.  other  materials   is  called   a 

compoiuid.  The  rusts  ^ven 
by  various  metals  are  there- 
fore countouiids  also. 

The  second  illustxatioa 
is  selected  on  account  of  itij 
historical  interest.  One  of 
the  earliest  chemical  changes 
in  which  a  gas,  i-ecognized 
to  be  distinct  from  air,  was 
observed  among  the  products,  was  noticed  by  Priestley  (1774).*  The 
observation  was  made  with  mercuric  oxide,  a  brig!»t  red,  rather 
heavy  powder.  When  this  substance  is  heated  (Fig.  5),  we  find  that 
a  gn.s  is  given  off,  which  is  easily  shown  to  be  different  from  air,  since 
a  glowing  splinter  of  wood  ia  instantly  relighted  on  being  immersed 
in  it  The  gas  is  pure  oxygen ,t 
We  notice  also  during  the  heating 
that  a  sort  of  mirror  appears  on 
the  sides  of  the  tube.  As  this 
shining  substance  accumulates  it 
takes  the  form  of  globules,  which 
may  be  scraped  together.  It  is, 
in  fact,  the  metal  mercury,  or  quicksilver.  Tf  the  heating  continues 
long  enough,  the  whole  of  the  powder  eventually  disappears,  and  is 
converted  into  these  jiroducts. 

•  An  English  noncoutormist  minister  who  occupied  his  leisure  time  with  exper- 
iments in  cLemislrj.  Hp  afturwards  moved  to  tlie  United  Stat^R,  and  died  in 
Northiimberliuni,  I'a. 

t  Air  (^.e.)  is  a  mixture  of  wliicb  only  one^Uth  ie  oxygen. 
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The  extensive  nature  of  the  change  in  properties  in  this  case  is  evi- 
dent, it  should  also  be  observed  that  continuous  heating  is  required 
to  maintain  this  change  in  operation.  It  differs  markedly  from  the  iron 
and  sulphur  case  in  this  respect.  AVhcn  the  tlanie  is  removed,  the  evo- 
lution of  oxygen  ceases.  The  signiKeanP<?  of  this  will  appear  shortly. 
The  third  and  last  example  is  taken  purposely  in  order  to  illustrate 
the  variety  of  ways  in  which  chem- 
ical change  may  be  carried  out.  It 
is  the  interaction  of  silver  nitrate 
and  so<lium  chloride  fcommon  salt). 
The  substances  may  be  recognized 
by  the  form  of  the  crystals  of  wliich 
they  consist.  The  latter  is  composed 
of  small  cubes  (Fig.  6),  •while  the 
former  presents  a  less  familiar  form 
geometrically  (Fig.  7).  Both  sub- 
stances are  capable  of  being  dis- 
solved in  water  and,  for  tl^is  expet-i- 
nient,  portions  of  each  substance  are 

shaken  in  separate  vessels  with  %vateT,  until  none  of  the  solid  remains. 
When  the  solutions  are  noiv  poured  together,  we  observe  that  the 
^  clear  lif|uids  at  once  become  opaque,  and  that  a  dense 

mass  of  white,  solid  material  appears  suspended  in 
the  mixture  {Fig.  8).  This  white  substance  consists 
of  an  extremely  fine  powder  without  any  observable 
crystalline  form.  We  know  at  once  tliat  it  must 
represent  a  new  substance,  since  it  would  not  have 
appeared  had  it  been  soluble  in  water  like  the  two 
materials  from  which  it  was 
made.  We  continue  adding  the  one  liquid  gradu- 
ally to  the  other  until  no  furtlier  formation  of 
this  solid  takes  place,  and  then  stop.  By  filtra- 
tion (Fig,  3),  we  obtain  the  insoluble  material 
(the  precipitate)  upon  the  filter  paper,  and  the 
clear  liquid  (the  filtrate)  passes  through  and  is  caught  in  the  vessel 
below.  ' 

We  are  confronted  with  two  possibilities  r  either  both  the  original 
at«riala  have  come  together  to  form  one  white  insoluble  material,  or 
some  other  product  (or  products)  may  be  present  in  ;ulditiun  to  it.     In 
fcter  case,  search  must  evidently  be  made  in  tho  liquid.    By  evap- 
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orating  the  Jiti rate  in  a  suitable  vessel  (Fig.  4),  we  find  that  the  second 
assumptiou  represents  the  fact,  for  a  considerable  quantity  of  a  white 
orystalline  substance  remains.  Tlie  houiogeueous  character  of  this 
shows  that  there  was  but  one  product  in  sulntioii,  while  the  sairie  prop- 
ertv"  of  the  precipitate  shows  that  there  are  bat  two  products  altogether. 
The  insoluble  material  is  composed  of  silver 
(tiid  chlorine,  and  it  is  known  as  silver  chloride. 
Like  some  other  compounds  of  silver,  it  darkens 
(111  exposure  to  light,  turning  first  pnrple  and  then 
brown,  and  being  decomposed  by  this  agency  into 
its  c^jnstituents.  The  soluble  solid  obtained  from 
the  filtrate,  we  recognize  as  identical  with  a 
mineral,  sodium  nitrate,  which  is  found  in  Peru. 
Its  crystals  are  rbonibohedral  (Fig,  9).  They 
resemble  cubes  which  have  been  slightly  dis- 
torted by  pressing  inwards  two  opposite  corners. 
A  strict  investigation  of  all  four  substances 
shows  that  the  following  statement  presents  the 
facts  in  regard  to  the  nature  of  the  change :  —  Nitrate  of  silver, 
consisting  of  silver,  nitrogen,  and  oxygen,  with  sodium  chloride,  con- 
sisting of  sodium  and  chlorine,  have  changed 
into  silver  chloride,  consisting  of  silver  and  chio 
rine,  and  sodium  nitrate,  consisting  of  sodium, 
nitrogen,  and  oxygen.  This  change  presents 
several  features  which  distinguish  it  from  the 
previous  ones :  it  is  much  more  complex ;  it  takes 
place  in  the  presence  of  water ;  it  requires  no 
heating  for  its  promotion  ;  and  the  change  is  complete  the  instant  the 
materials  have  been  mixed,  while  the  others  required  a  good  deal  of 
time  for  their  accomplishment. 
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The  Kindx  of  Chemical  Chatige.  —  IFaving  these  three  cases 
before  us,  —  and  they  are  types  of  modt  chemical  phenomena,  —  we  now 
proceed  to  analyze  them,  and  so  take  another  step  towards  explaining 
(i.e.,  describing  in  detail)  the  nature  of  a  chemical  phenomenon.  In 
the  iron  and  sulphur  experiment  two  materials  were  used,  and  a  dif- 
ferent one  with  new  properties  was  produced.  Here,  in  chemical 
language,  the  first  two  substances  united  or  underwent  oombinatioii. 
The  mstitig  of  iron,  lead,  and  tin  belongs  sdso  to  this  class.  In  the 
second  illustration  one  nuttcrial  was  used,  a;td  it  was  driven  apart  by 
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heating  so  that  two  new  ones  arose.  A  chemical  plienomenon  of  this 
kind  is  called  a  decomposition.  The  last  was  the  moat  eomplex,  hut 
a  little  examination  shows  tliat  it  does  not  present  any  novel  features. 
The  statement  we  gave  (p.  14)  alxiut  the  way  in  which  Ihe  i-onstit- 
ueuts  were  distributed,  before  -and  after  the  change,  shows  that  the 
original  nsaterials  were  altered  by  decomposition,  ami  that  the  products 
were  formed  by  recombination  of  these  on  a  different  plan.  A  third 
variety  of  chemical  change  consists,  therefore,  in  the  concurrence  of 
both  of  tbs  firBt  two  kinds  in  the  same  action.  As  several  different 
varieties  of  this  sort  of  complex  redistribution  of  material  can  he  dis- 
tinguished, a  distinct  name  is  given  to  each.  The  present  is  called  a 
doable  deoomposition  or  metathesis. 

When  we  encounter  other  chemical  cljanges,  we  shall  find  the 
extent  of  the  stride  we  have  taken  in  this  critical  analysis  of  a 
few  examples.  It  will  then  appear  that  the  chemical  changes  of 
matter  are  not  nearly  so  various  as  we  might  have  anticipated.  In 
fact,  there  are  few  changes  which  cannot  be  placed  in  one  of  the 
above  categories.  Those  that  cannot  be  so  placed  belong  to  a  fonrth 
sort  of  change  which,  for  the  sake  of  completeness,  may  now  be 
mentioned. 

It  occasionally  happens,  especially  in  the  case  of  compounds  of 
carbon  (see  Urea),  that  one  single  kind  of  material  turns  into  another 
single  kind  of  material.  Nothing  is  added  and  nothing  removed,  yet 
the  new  substance  has  different  properties  in  every  respect  from  the 
old.  Most  of  tliose  substances  whose  transformation  is  definitely 
assigned  to  this  class  contain  several  constituents,  but  a  rough  notion 
of  this  sort  of  chemical  change  may  be  obtained  by  considering  the 
two  forms  of  phosphoru.s.  One  of  them  is  pale  yellow  in  appearance, 
easily  melted,  aiul  very  easily  ignited ;  the  other  is  red,  does  not  melt 
on  i>eing  heated,  and  is  difficult  to  ignite.  The  latter  is  made  from 
the  former  by  heating  it  continuously  for  some  hours  in  a  closed  ves- 
sel at  about  300^.  As  no  material  is  taken  up,  the  weight  of  the  sul)- 
stauce  is  unchiinged,  and  yet,  when  the  vessel  is  opened,  the  common 
phosphorus  is  found  to  have  turned  into  the  red  variety.  As  the 
foregoing  paragraphs  show,  we  have  good  reason  to  believe  that  tlie 
properties  of  a  aubstunce  are  intimately  related  to  its  constituents. 
Carrying  out  this  idea,  the  hypothesis  (or  suggestion)  hns  been  made 
that,  since  here  also  the  properties  change,  there  must  be  some  read- 
justment of  the  material,  even  in  cases  like  this.  Hence,  we  designate 
changes  uf  this  kind  internal  rearrangements. 
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In  the  completeness  of  tbe  trivnBfortnatinii,  and  in  tlie  {act  that  only  one  origi- 
[  mbstance  and  one  product  are  required,  ilie  pliyBieal  cliaiiges  of  ihe  nature  of 
melUng  a  solid  and  vaporizing  a  liquid  resemble  tbe  fourlli  variety  of  chemical 
cliange.  Where,  then,  is  the  line  between  chemistry  and  pUysica  tu  be  drawn?  It 
is  in  tbia  fourth  group  only  that  the  difficulty  is  encountered.  All  agree  that 
wartu  solid  phosphorus  is  chemically  identical  with  cold  phosphorus.  Neaily  all 
scientific  men  at  present  assign  the  study  of  the  melting  and  the  vaporization  of 
phosphoroB  and  other  substances  to  physics.  Some  chemists  consider  the  solu- 
tion of  phosphorus  in  carbon  disutphide  or  some  other  wlvent  (it  is  practically 
insoluble  in  water),  although  the  material  is  recovered  imchangwl  by  evaporation 
of  the  liquid,  as  a  chemical  chfiiige.  But  the  great  majority  reganl  this  an  physi- 
cal also.  If  not  chemically  diSerent,  the  solid,  liquid,  gaseous,  and  dissolved  forms 
of  a  subsianco  must  b<)  clrissed  as  mere  physical  states  of  aggregation.  Ou  the 
other  hand,  red  phosphorus  is  held  by  most  chemistjj  to  be  clieinically  different 
from  yellow  phosphorus.  Many  kiuds  of  matter  show  as  much  variety  in  form  as 
phosphorus,  and  some  show  more. 

In  solving  an  onlinary  puzzle,  we  work  knowing  that  some  simple  solation 
exists.     When  studying  nature,  we  are  saved  nmeh  embarrassnieat  by  remember- 
ing that,  in  cases  like  this,  we  are  not  seeking  for  a  clear-cut  diKtioction  of  whn»e 
existence  we  ore  assured  in  odvatiee.     Nature  is  under  no  obligation  to  Furnish 
easily  classifiable  facts  at  all.    The  limilalioiis  of  our  minds  compel  us  to  clonsify 
as  far  as  wo  are  able  to  do  so.    On  this  plan  alone  cari  we  master  the  inliniiy  of 
detail.     But  the  resulting  system  exists  in  our  own  mliidB,  where  tt  originated,  and 
not  in  nature.     In  the  present  instance,  we  are  seeking,  as  always,   to  make  a 
diaiinption  for  our  own  convenieuce.     But,  at  present,  the  effort  to  make  a  final 
distincunn  that  can  be  used  consistently  causes  wore  inconvenience  than  the  alt«r- 
^■native  of  letting  the  matter  rest.    The  history  of  previous  expeiiences  leads  us  to 
^Bfaope  that,  with  fuller  knowledge,  we  shall  be  able,  sooner  or  later,  to  construct  & 
^^■ystcm  of  classification  oven  for  this  obscure  region. 

The  SecoMtl  Chafact.eri»Hc  of  Chemicffl  Phenotnetm,  —  We 

are  now  able  to  make  another  generalization  (or  condensed  statement 
of  fact) :  In  chemical  phenomena  substances  enter  Into  combination, 
oome  out  of  combination,  or  change  their  associates  In  combination  or 
their  state  in  the  compound.  Id  other  WOrd»,  the  material  changeg  it* 
composition  or  its  constitution. 

I  This  generalization  furnishes  an  explanation  of  the  former  (p.  5) 
to  a  certain  extent.  Each  individual  substance  has  its  own  composi- 
tion and  its  own  set  of  jihysical  jiroperties.  Hence,  when,  by  chemical 
'transformation,  substances  of  new  and  different  composition  are  pr5- 
duced,  the  materials  must  simultaneously  acquire  the  specific  proper- 
ties of  the  new  substances. 
^1  Summarff.  —  Thus  far,  we  have  learned  that  chemistry  deals  with 
^^the  changes  in  composition  and  constitution  which  substances  undergo, 
and  with  the  altei'atiou  in  properties  which  accompanies  and  gives 
evidence  of  those  changes. 
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CHAPTER  IT 

nTTRODUCTORT  II 

If  we  now  return  to  the  three  illustrations  of  chemical  phenomena 
which  we  have  beea  studying  (pp.  10-14),  we  shall  find  a  new  question 
ai-isitig  naturally  out  of  them.  This  is,  whether  the  nnws  of  the  ma- 
terials is  altered,  as  are  the  other  attributes,  iu  these  chemical  changes. 

Third  Cftaraetei'ititie  of  Chetnirtil  Phenomma  :  Coniterva- 

UoH  of  3faim.  —  The  most  jiaiostakiiig  fbemical  work  seems  to  show 
that,  if  all  the  substances  concerned  iu  the  chemical  change  are 
weighed  tjefore  and  after  the  change,  there  is  no  evidence  of  any 
alteration  in  the  quantity  of  matter.  The  two  weights,  representing 
the  sums  of  the  conatitueots  and  of  the  products  respectively,  are, 
ifldeed,  uever  absolutely  identical,  but  the  more  careful  the  work  and 
.the  more  delicate  the  instiinuent  used  in  weighing,  the  more  nearly 
fdo  tlte  values  approach  identity.  We  are  able  to  state,  therefore,  as 
a  third  oharacteristio  of  all  chemical  phenomena,  that  the  maaa  of  a 
system  is  DOt  affected  by  any  cliemlcal  change  witbin  the  system. 

Tlii.s  statement  simply  means  that  the   great  law  of  the  conserva- 
tion of  mass  holds  true  iu  chemistry  as  it  does  in  physics.     Chemical 
Lcbange.s,  thoroughgoing  as  they  are  iu  respect  to  all  other  properties, 
fdo  not  affect  the  mass;  an  element  carries  with  it  its  weight,  entirely 
unchanged,  through  the  most  complicated  chemical  transformatione. 
This  is  the  only  attribute  which  persists, 

A  law,  !L9  we  have  seen  fp.  7),  is  a  condensed  amu-ment  deRcribisig  poiiie  con- 
nt  mode  of  behavior.  It  m  simply  a  fitimtri.iry  of  our  experience.  Ak  such,  it 
ffe  subject  lo  modification  when  a  fact  Is  discovered  with  which  it  conflicts.  Thus, 
it  is  perfectly  poasiljle  that  we  may  yet  And  ca»e«  of  demonstrable  changes  in 
weight  accompany iup  other  physical  or  chemical  chanjrt's  Jn  a  limited  system. 
Imleed,  it  has  more  than  once  been  nlleced  that  such  chancres  have  been  observed. 
It  used  to  be  a  law  tliat  the  earth  was  flat.  It  is  now  more  correct  to  say  lliat  a 
limited  area  of  perfectly  level  g^ronnd  is  jwr?/  nenrly  flat. 

It  will  be  observed  ihtit  tlie  plirasing  of  tho  above  law  carefully  limits  its 
scope  to  amounts  ut  matter  such  as  are  d<»all  witli  in  laboratory  experience.  We 
have  HO  evidence  on  which  to  make  any  statdncnts  abimt  tho  mass  of  matter  in 
more  extensEvu  chemical  cbattges.     A  coitnnon  form  of  the  law,  to  the  effect  that 
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"  the  mass  of  matter  in  tlie  universe  m  uticliaiigeable  in  amount,"  la  not  a.  law  at 
all,  ill  Lbe  outy  seDse  id  wlitch  the  wnrd  m  uued  in  science.  It  is  a  Htalement  in 
regard  to  supposeil  facts  wliicli  sire  almost  entirely  beyond  oar  experieucfj.  It  is, 
therefore,  a,  propositiou  of  a  transcendental  (tbat  is,  triuiscending  eJcperience) 
nature,  and  has  its  proper  place  in  metaphysics.  Astronomical  observation,  it  is 
true,  liaa  as  yet  f  iirnislied  no  evidence  of  changes  in  the  mass  of  our  own  or  other 
celestial  systeuw.  Hut,  absence  of  evidence  to  the  coiitrai-y,  especially  considering 
the  relatively  limited  scope  of  our  knowledge,  both  in  respect  to  space  and  time,  is 
far  from  being  proof  of  the  correctuess  of  the  proposition. 

Superficial  observation,  as  of  a  growing  tree,  miglit  seem  to  give 
evitience  of  the  very  opposite  of   consorvatioii  of   mnttfir.     But  here 

the  uarbou  dioxide  gaa  in 
the  air,  tlie  most  impor- 
tant source  of  nourishmeut 
for  plants,  ia  overlooked. 
Similarly  the  gradual  dis- 
appeai'aace  of  a  caudle  by 
combustion  seems  to  ill  us- 
tiate  tlie  destruction  of 
matter.  But  if  we  insert 
sticks  of  sodium  liydro.xide 
in  a  U-tube  (Fig.  10)  to 
catch  the  ffases  which  rise 
through  the  flame,  we  fiad 
that  the  gases  weigh  even 
more  than  the  part  of  the 
candle  which  Ims  been  sac- 
rificed in  making  them. 
When  we  take  account  of 
the  weight  of  the  oxygen 
obtained  from  the  air  which 
Bustaitis  the  combustion, 
we  find  that  there  is  really 
neither  loss  nor  gain  in 
weight.  If  we  carry  out  chemical  changes  in  closed  vessels  (Fig.  11), 
which  permit  neither  escape  nor  access  of  material,  we  find  that  the 
weight  does  not  alter. 

One  way  of  atallnR  the  difference  between  chemistry  and  physics  is  to  Bay  that 
ohftuges  in  wliich  both  ihe  mass  and  the  identity  i\1  the  substance  are  C0Dserve<l 
belong  to  the?  latter,  while  ttioae  in  which  the  mass  alone  is  conserved  belong  to 
chemisirv. 


i 


Phi/sieal  ConcotnitaHfn  of  Change  in  Compntiition.  —  Study 
of  the  three  typical  chemical  changes  described  in  the  last  chapter 
may  now  be  resutued,  in  order  to  see  whether  anything  further  of  a 
general  nature  is  rliaititteristic  of  such  phenomena.  We  recall  at 
once  that  a  prominent  feature  of  the  union  of  iron  and  sulphur  waa 
the  heat  wliieh,  as  shown  by  the  glow 

^spreading  through  the  mass,  seemed  to 
be  developed  after  the  action  was  oure 
started.  It  is  found  that  many  chemi- 
cal changes  are  like  this  one,  in  exhibit- 

■  ing  simultaneous) J-  the  production  of 
rery  perceptible  amounts  of  heat.  On 
the  other  hand,  the  decomposition  of 
mercuric  oxide,  as  was  pointed  out 
(p.  13),  owed  its  continuance  to  the  per- 
istent  application  of  heat,  and  ceased 

^80  soon  as  the  source  of  heat  w.-is  with- 
drawn. Here,  apparently,  heat  was 
consumed  during  the  progress  of  the 
change,  and  the  chemical  action  was 
limited  by  the  amount  of  heat  supplied. 
The  pTOdactlOD  or  oonsumption  of  beat 
may,  therefore,  be  a  feature  of  chemical 
change. 

In  the  iron  and  sulphur  case,  as  in  other  chemical  actions  where 
the  heat  developed  is  great,  light  also  was  given  out.  In  the  last  of 
the  three  actions,  on  the  other  hand,  we  obtained  a  substance  (silver 
chloride),  which  may  be  kept  for  any  length  of  titue  in  the  dark,  but, 
by  the  action  of  sunlight  is  broken  up  into  its  constituents  (p.  14).  It 
■would  apjtear,  therefore,  that  tight  may  be  given  out  or  wied  in  con- 
nection with  chemical  change.  Noting  these  facts  stimulates  us  to 
look  for  other  similar  concornitants  of  changes  in  composition. 

If  we  dip  two  wires  from  a  battery  or  dynamo  into  a  solution  of 
nitrate  of  silver  (Fig.  12),  such  as  waa  used  in  the  third  experiment, 
we  observe  the  instant  production  of  a  coating  of  silver  on  the  nega- 
tive wire.  By  preparing  the  solution  properly  and  allowing  the 
electricity  to  flow  through  it  for  a  sufficient  length  of  time,  all  of 
the  compound  can  be  decomposed  and  all  its  silver  deposited.  It  is 
needless  to  say  that  this  release  of  the  silver  from  chemical  combina- 
tiou  and  liberatioo  of  the  metal  af  the  electrode,  goes  on  only  so  long 
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as  the  current  of  electricity  is  employed,  and  that  electricity  is  con- 
sumed in  tUe  process.     Very  many  substances  can  be  decomposed  in 

this  way. 

The  inverse  of  this  is 
likewise  familiar.  If  we 
place  in  dilute  salphnric 
acid  a  stick  of  the  metal 
zinc,  we  hnd  that  a  g;is 
is  given  off  rapidly  (Fig. 
13),  that  the  zinc  gi'atlu- 
ally  dissolves,  and  that  a 
large  amount  of  heat  is 
developed.  Under  favor- 
able circumstances,  tlie 
liijuid  may  even  rise  spon- 
taneously to  the  boiling- 
point.  This  form  of  the 
action  produces  heat.  If, 
however,  we  attach  the  same  stick  of  ziac  to  a  copper  wire,  and, 
having  provided  a  plate  of  platinum  also  connected  with  a  wir% 
immerse  the  two  simultaneously  in  the  acid 
(Fig.  14),  then  a  galvanonieter,  with  whirh  the  /-'-=^'J-^'  ''■: 

wires  are  connected,  shows  at  once  the  passage 
of  a  current  of  electricity  round  the  circuit. 
Exactly  the  same  chemical  change  goes  on  a.s 
before.  Tbe  sole  difference  is  that  the  gas 
appears  to  arise  from  the  surface  of  the  plati- 
nuni.  It  is  easy  to  show,  however,  that  the  plat- 
inum by  itself  is  nut  acted  upon  by  dilute  acids, 
and,  in  this  case,  undergoes  no  change  whatever; 
it  serves  simply  as  a  suitable  conductor  for  the 
electricity.  Here,  then,  in  place  of  the  heat 
which  the  first  plan  produced,  we  get  electricity. 
The  arrangement  is,  in  fact,  a  battery,  for  a  bat- 
tery is  a  system  in  which  a  chemical  action  which 
would  otherwise  give  heat  fnrni.shps electiicity  in- 
stead .  Thus,  electricity  may  be  consumed  or  pro- 
dtteed  in  connection  with  a  change  in  composition. 

Even  violent  rubbing  in  a  mortar,  in  the  case  of  some  substances, 
oan  effect  an  appreciable  amount  of  decomposition  in  a  few  minutes. 


,(iir-'0/^'^^*n;jin(' 
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In  this  way  silver  chloride  can  be  separated  into  silver  and  chlorine, 
just  as  by  light.  It  is  the  meohanioal  energy  which  is  the  agent,  and 
part  of  it  is  consumed  in  producing  the  change,  and  only  the  balance 
appears  as  heat.     Conversely,  the  production  of  mechanical  energy,  as 


Fio.  14. 

the  result  of  chemical  change,  is  seen  in  the  behavior  of  explosives 
and  in  the  working  of  our  muscles.  Thus,  meohanioal  energy  may  be 
naed  np  or  produced  in  chemical  changes. 

Summing  our  experience  up,  we  may  state  that  no  change  in  com- 
position occurs  without  some  concomitant,  such  as  the  production  or 
consumption  of  heat,  light,  electricity,  or,  in  some  cases,  mechanical 
energy. 


Classification  of  the  Concomitants  of  Change  in  Composi- 
tion: Energy. — The  problem  of  classifying  (i.e.,  placiug  in  a  suitable 
category)  things  like  heat,  light,  and  electricity  has  occupied  much 
attention.  They  do  not  possess  mass.  In  all  changes  in  composition, 
one  of  these  natural  concomitants  is  given  out  or  absorbed,  sometimes 
in  great  amount,  yet,  in  none  is  any  alteration  in  weight  observed. 
Kor  may  these  concomitants  be  overlooked,  simply.  A  conception  is 
a  real  thing ;  a  religious  belief  may  be  most  real  and  potent.  There 
are  many  things  which  are  real,  although  they  are  not  affected  by 
gravitation.     In  the  present  instance  we  reason  as  follows : 

A  brick  in  motion  is  different  from  a  brick  at  rest.  The  former 
cau  do  some  things  that  the  latter  cannot.    Furthermore,  we  can 
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easily  make  a  distinction  la  our  minda.  The  brick  can  be  deprived  of 
the  motion  and  be  endowed  with  it  again.  Thus,  we  can  get  the  idea 
of  motioti  as  a  separate  conception,  Similarly,  we  observe  that  a  piece 
of  iron  behaves  differently  when  hot,  and  when  cold,  when  bearing  a 
current  of  electricity,  and  when  bearing  none.  We  conceive  then 
of  the  brick  or  the  iron  as  having  a  certain  amount  and  kind  of  matter 
which  is  unalterable,  and  as  having  motion,  heat,  or  electricity  added 
to  this  or  removed.  Thus,  we  describe  onr  observations  by  using  two 
categories,  one  of  which  includes  tlie  various  kinds  of  matter,  and 
the  otiier,  various  things  wliose  association  with  it  seema  to  be  invari- 
able and  is  often  so  conspicuous. 

At  first  sight,   these   concomitants  of   matter   seem   to   be  quite 

I  disparate.     But  a  relation  between  them  can  be  found.     If  the  heat 
of  a  Bunsen  flame  or  of  the  aun  is  brought 
^„^^^^\  under  a.  hot-air  motor  (Fig.  16)   violent 

/^^Vl^«\\  nmtion    results.      Again,   if  the  motor  is 

(L^SwBRJI  connected  with  a  dynamo,  electricity  may 

^j^^M^^g  be  generated.     Still   again,  if  the  current 

T|  ^a^  flows  through  an  incandescent  lamp,  beat 

^JH      I  and  light  are  evolveil.     Conversely,  when 

.^^ fe^i^i^fejfc-,  motion  is  impeded  by  a  brake,  heat  appears. 

/•"•  r   °    '1  \\nien  a    current   of   electricity    ia    run 

I  I  through  the  ilyiiamo,  matioti  results.     But 

/  "KW^^  *'^®  most  signihi>ant  facts  wre  still  to  Ix:-  men- 

/  ii^Hl    /""x       tioned.     The  beat  alisorbed  ity  the  motor 

1  SpBft         j)      '^  found  to  be  greater  when  the  machine 

^___^^^^^   ^^ti^^  -  .  -^      ia  pei-iuitted  to  move  and  do  work,  than 
^^"^^i^  when  it  is   not.     Thus,  it  is  found  that 

_  Fto.  i&  when  work  is  done  some  heat  disappears, 

f  and  is,   in   fact,   tiansformed   into  work. 

Similarly,  when  the  poles  of  tire  dynamo  are  projierly  connected 
and  electricity  is  beiirg  produced,  and  only  then,  motion  is  used 
up.  This  is  shown  by  the  effort  required  to  turn  the  armature 
under  these  circumstances,  and  the  ea.se  with  which  it  is  turned 
when  the  circuit  is  open.  So,  with  a  conductor  like  the  filament 
in  tbe  lamp,  unless  it  offers  resiataneo  to  the  current  and  destroys 
a  sufficient  amount  of  electricity,  it  gives  out  neither  light  nor 
heat.  Finally,  motion  gives  nu  heat  unless  the  brake  is  set,  and 
effort  is  then  demanded  to  maintain  the  motion.  These  experiences 
lead  us  to  believe  that  we  have  here  a  set  of  things  which  are  funda- 
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lUy  of  the  same  kind,  for  each  form  can  be  made  from  any  of 
the  otiiers.  We  have,  therefore,  iuvented  the  conception  of  a  single 
thing  of  which  heat,  light,  electricity,  and  motion  are  forms,  and  to  it 
we  g^ive  the  name  energy;  energr  is  -woik  and  every  otber  tblng  irbldi 
cao  aiifte  from  'nrork  and  be  converted  into  work  (<  )stwald). 

Closer  study  shows  that  equal  amounts  of  electrical  or  mechanical 
energj  always  produce  equal  amounts  of  heat.  There  is  never  itlt- 
served  any  loss  in  any  of  the  transformations  of  energy  any  mure 
tlsan  in  the  transformations  of  matter.  Hence,  J.  K.  Mayer  (1841.'), 
folding  (184i{).  and  Helmholtz  (184")  were  led  independently  to  tlie 
conclusion  lliat  In  a  liniited  aystem  no  gain  or  Iobs  of  energy  is  ever 
olMerved-  This  brief  statement  of  the  resiiita  of  many  experiments 
Ls  called  the  law  of  the  conservation  of  energy, 

A  cunvnl  form  of  this  law,  namely,  Ibal  "  the  total  a,mount  of  energy  in  the 
universe  is  n  consiaiit  quaniity,""  is  ojien  lo  the  eatue  objection  as  the  correapond- 
iiigty  tiniiiboyant  forrTi  of  the  taw  of  coiiKorvation  of  niass  criticized  above.  It  has 
a  tnore  t^Bective  ^otinil  thao  tlie  one  we  have  given.  Unfortunately,  it  is  not  only 
iutmensely  in  ej:ce$i«  of  auy  statement  Uiat  present  results  of  scientitic  viork  can 
jiulify,  but  is  probably  far  beyoud  the  limits  of  possible  scienilflc  observation. 
Scientific  siatemeotJi  of  fact  can  never  err  by  being  loo  conservative. 

Matter  and  Energy  as  Coneeptt),  antl  Dt-finitionn  of  the  Lttt- 

let,  — Tbe  foregoing  para^'Taphs  about  energy  bring  up  the  riiiesiion  of  its  reliUinn 
lo  matter.  Tliis  relation  can  be  mode  clear  only  by  tt  somewhat  elaborate  ilis- 
cu^ion  of  our  fundamental  conceptions. 

The  only  reni.  first-band  knowletlge  which  we  possess,  la  that  of  onr  stales  of 
consciousness.  All  else,  cocgisting,  for  exani['le,  of  ihu  wiiy  in  which  we  ioior- 
pret  and  dejicribe  oar  experience,  ifl  constructed  out  of  our  heads,  so  to  speak. 
Now,  we  beconte  aware  of  certain  things  which  we  call  sensations,  and  Keek  to  con- 
etnict  a  mode  of  correlating  and  describing  them.  Our  universal  liabit  i»  to  Kpcak 
»s  if  they  were  produced  by  aometliing  out*ide  our  nUndit,  and  bo  we  begin  the 
manufacture  of  an  externaJ  universe.  In  course  of  doinj;  this,  we  encounter 
Bome  tbiags  which  aeem  to  occupy  no  particular  space,  which  move  from  object 
to  object,  and  possess  no  weight.  One  of  these  affects  our  eye,  or  a  piece  Of 
chloride  of  silver,  for  example,  yet  encapea  touch,  and  passes  through  glass  as 
easily  as  through  a  v.'icuum.  After  consideration  of  our  experience  wiih  this  sort 
of  tiling,  Btime  of  which  has  been  detailed  above,  we  decide  that  we  shall  posit  the 
exisleuce  of  ener^. 

Other  things  we  encounter  which  appeal  to  the  sense  of  touch  and  Men  to 
pos-vess  more  definitely  located  qualities,  including  weight.  Another  Conception 
I  is  nee-ded  to  account  for  these  ;  no  we  establisli  the  category  of  matter. 

Thus,  we  make  sliifi.  to  dcwribeour  wnaations  by  the  help  of  these  two  con- 
structs, much  us  in  analytica!  t;comeiry  we  describe  the  location  of  a  point  by 
uieatis  of  two  coordinates,  Ener(,'y  and  matter  are,  therefore,  products  of  Ihoughl 
and  not.  prtiuarily,  objective  realities.     In  chemistry,  however,  we  always  sjicak 
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ot  ihem  objectively.  Historically,  the  order  In  wlitch  thttm  two  concepte  were 
nained  and  detitied  was  the  opposite  of  that  in  wliicb  tbey  eUind  above.  Yet 
attempt  to  orgaiiizo  a  coiicepiion,  correspoodiug  lo  energy,  in  respunse  to  a  need 
of  wliieU  thinkers  were  consciuus,  wt're  not  waiiticg  before  tUe  uineteemli  century 
opened.  To  go  no  further  back  than  the  days  i>f  phlogiston,  we  Ciitt  easily  per- 
ceive a  certain  resemblance  between  tUiM  concept  and  tliat  of  energy.  The  idea 
that  heat  was  an  "  jiniionderabie"  had  its  origin  inucli  curlier,  and  shows  the  ex- 
istence of  the  same  effort  to  Hud  a  second  funditmeutal  couuepliuu  different  from 
matter. 

There  i»  much  confusion  of  thought  in  uiaiiy  of  the  current  deflnition.s  of 
energy.  For  eiauiple,  it  is  often  said  lo  be  "  that  which  causes  dianpe  iu  matter." 
This  definition  is  not  easy  lo  bring  into  hai'uiony  with  common  experience  iu 
chemistry .  TliUii,  when  heat  is  applied  to  mercuric  oxide,  the  change  follows. 
But  with  iron  and  stdphur,  the  union  of  the  two  substances  is  a  cunditinn  antece- 
dent to  the  evolution  of  heat.  It  hi  aa  often  true  that  change  in  matter  causes  the 
manifestation  of  energy  as  the  reverse.  Matter  and  energy  Etre  on  the  same  pl;uie. 
Tbey  are  conceptions  used  jointly  Iu  describing  what  we  observe,  Keither  is 
secondary  to  the  other.  We  do  imt  conaider  any  particular  one  ot  the  coflrdiuatea 
in  geometry  as  secondary  to  the  other,  or  as  being  affected  by  the  other. 

The  recent  theory  of  chemical  poteniini  and  of  the  factors  ot  energy  (go.)  aeek^, 
once  more  to  ascribe  the  tendency  to  cliaiigo  (physical  or  chenilcal)  in  matter  Ur 
the  state  of  the  energy  uatiociaied  with  it.  It  m,  therefore,  incidentally,  so  con- 
structed as  to  favor  the  delinition  just  given. 

The  definition  that  "  matter  is  tho  vehicle  of  energy  "  is  obvioufsly  just  as  diflS- 
cutt  to  harmonize  with  the  above  mode  of  deriving  the  two  concepliuUH.  One  axis 
is  not  spoken  ot  as  the  vehicle  of  the  other  in  geometry. 

The  innate  desire  to  reduce  our  distinct  categories  to  the  smallest  possible 
nuuitter  may  be  seen  in  the  history  of  this  subject.  The  ancients  sought  the 
amalgamation  of  the  two  by  regarding  heat  and  light  a«  imponderable  forms  of 
matUtr.  In  some  quarters  it  is  now  believed  that  the  one  conception  of  inieraif  is 
sufficient,  and  that  matter  may  be  put  intj^  the  same  category  as  being,  forexamplei 
composed  of  minute  particles  ot  electricity  (electrons). 

The  conception  of  ttker  was  devised  beoaiwe  tbosic  ot  matter  and  energy  did 
not  Bofflce  for  the  description  of  all  the  pheno'uena  of  light.  It  is  on  the  satua 
plane  with  matter  and  energy.  Lord  Kelvin's  effort  lo  reduce  the  three  catego. 
ries  to  two  (energy  and  ether)  by  assigning  the  rOle  of  matter  to  vortices  in  the 
ether  is  familiar  to  students  of  physics. 


1 


* 
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AppUcatUtn  of  the  Conception  of  Energ/f  iu  Chemintvff,  —  At 

first  sight  it  looks  as  if  the  statement  that  energy  is  consi'rved  is  nnt 
applicabte  in  chemistry.  Heat  and  electricity,  for  example,  seem  to 
be  prtxiuceti  and  consumed,  in  connection  with  changes  in  composition, 
in  a  mysterious  manner.  We  trace  light  in  nn  incandescent  lamp 
back  to  the  electricity,  and  thin  in  turn  to  the  mechanical  energy,  and  ^i 
this  again  to  the  heat  in  the  engine.  But  what  form  of  energy  gavfii^f 
the  beat  developed  by  the  combustion  of  the  coal  under  the  boiler,  or  ^^ 
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by  the  union  of  iron  ami  sulphur  in  our  first  experiment  7  Since  we 
do  not  pftrceive  any  eleotripity,  light,  heat,  or  motion,  in  the  original 
materials,  and.  3'et  wish  to  r^reute  an  harmonious  system,  we  are  bound 
to  conceive  of  the  iron  and  the  suljihur,  and  (he  coal  and  the  air,  as 
containing  another  form  of  energy,  which  we  call  chemical  or  internal 
energy.  Similarly,  when  heiifc  is  iispd  up  in  decomposing  mercuric 
oxide, or  light  in  decomjwsing  silver  chloride,  we  rejfard  the  energy  as 
being  stored  in  the  products  of  decomposition  in  the  form  of  chemical 
energy. 

Tlte  Actual  Qnantttiea  of  Different  Khttla  of  Enet'ffjf  which 
tnatf  be  Obtained  from  a  Fixed  Amount  of  One  Kind. —  It  will 
render  all  the  above  clearer  If  we  yivt  sniuw  riuiiierical  illuHlratitPiis:  A  kilojjram 
of  water  after  (ailing  (iii  a  Viicumu)  i'2S  lueters  {about  one-filth  of  a  mile),  under 
g^vit;,  piKiseases  428  kilogram-uieters  nf  uiecliauical  (kinetic)  etiergj'.  When  the 
uioiioD  is  arrested,  tbc  energy  of  inotina  is  transformed  into  beat  and  raiws  the 
water  one  degree  centigrade  in  teniperatvire.  We  describe  this  amount  of  beat 
as  1000  calories  (small) ;  that  retinired  to  warm  one  gram  of  water  one  degl-ee 
(between  0°  and  IfKF)  bt*ing  cttllwl  one  calorie.  A  kilfigrani  of  any  otlier  falling 
mUeriftJ  would  give  tbe  eume  amoiuit  of  lient  (1000  cal. ),  altliougli,  of  course, 
if  iu  gpeciflc  beat  were  smaller  than  that  of  water,  tbe  temperature  to  which  it 
would  be  raised  would  be  higher,  and  vice  versa. 

Here  tbe  acting  force  is  the  attraction  of  gravitation,  which  is  a  special  case. 
Id  absoiiite  units,  1  g.  falling  1  cm.  gt-neratea  eueriiy  enough  to  do  081  ergsol  work. 
So  tliot  the  Ibouaaiid  grams  falling  428  meters,  generates 

1000  ..42.800  .9B1 -42,000,000,000  ergs  of  energy. 

The  erg  being  bo  small,  we  often  use  the  joule  (  =  10,000,000  ergs).  This  amount 
is  the  same  w)  4200  jou]f«. 

Now,  any  botly  of  tlni  saftie  mas-i,  moving  with  the  Batne  final  velocity,  however 
set  in  motion,  will  also  pofwess  the  same  energy  and  give  1000  cal.  The  flual 
Telocity  in  the  above  case  is  v  a  gs.  —  0,164  cm.  per  second.  Tbe  energy  of  motion 
(^  mo')  of  one  ihounand  grama  of  matter  moving  witli  lids  velocity  ia  —  J  x  1000 x 
(91«'1>'  =»  4200  jonlus,  as  before.  If  the  source  of  mechanical  energy  were  a  hot- 
air  tnolor  (or  an  engine)  of  one  horse-power,  then,  since  one  horse-power  repre- 
sents a  development  of  740  joules  per  second,  the  4200  joules  of  energy  would  be 
produced  in  about  b\  seconds  by  this  means. 

If,  instead  of  being  tamed  into  heat,  all  the  energy  of  motion  had  been  con- 
verteil  into  electricity,  the  quantity  of  the  latter  would  have  illuminated  a  18 
caudle-power  incandencent  lamp  for  84  second.'!  (=1.4  minutes).  Such  a  lamp  re- 
quires the  value  of  50  joules  per  second  of  electricity  and,  therefore,  in  84  saconds 
uses  up  tbe  flO  :•  84  =  4200  joules  of  energy.  As  an  eni^ine  of  1  horse-power  pro- 
duces tliis  amount  of  energy  every  51  secondft,  such  an  engine,  if  none  of  the  energy 
were  lostt.  could  maiiitnin  nearly  IS  lamps  of  this  kind. 

Finally,  if  the  4'iOO  joules  of  electrical  enerj.'y  were  applied  to  decomposing 
nitrate  of  silver  in  ortlinary  aqueous  aolutioa,  it  would  liberate  Oj  grama  (about 
\  oi.)  of  silver  from  combination. 
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ConaUleraHotift  Connected  with  Chemical  Etiei'gy  i  Free 
Enevfftf.  —  Tbese  conelusious  compel  us,  for  ihe  sake  of  consistency,  to 
think  of  all  our  materials  as  repositories  of  energy  as  well  us  of  mat- 
ter, each  of  tbese  constituents  being  equally  real  and  equally  impor- 
tant. A  pieue  of  the  substance  known  as  "  iron"  must  thus  be  held  to 
contain  so  much  iron  matter  and  so  much  chemif-al  energy.  So  sulphur 
contains  sulphur  matter  and  clieiuical  energy.  Thus,  by  a  suhstancr, 
we  mean  a  distinct  species  of  matter,  simple  or  compound,  with  its 
appropriate  proportion  of  chemical  energy. 

Since  a  chemical  phenomenon  involves  li  change  in  tlje  condition  of  botli  tlie 
matter  and  tlifj  Bucrgy  coDslimeiiL'?,  buth  hfive  to  be  considered  in  describing  liie 
transroruiattDa.  Thus,  in  tile  drHLof  the  three  experiments  (p.  10)  we  must  say  that 
certain  weights  of  iron  tiiatter  and  sulphur  matter,  each  with  a  different  but  deli- 
nite  quantity  of  chemical  energy,  constiliitiiig  the  substancca  iron  and  sulpiiur  re- 
Hpeclively,  are  transformed  into  irou-Rulphur  matter  with  tlie  same  total  weight, 
but  teati  ohetnicai  ener^,  conetitutiDg  the  substance  ferrous  .sulphide,  with  liberu- 
lioD  of  »u  amount  of  energy,  chietiy  in  the  form  of  heat,  equivalent  to  the  diminu- 
tion  in  ilie  quantity  of  chemical  energy.  As  the  chemical  ener^  which  may  be 
lil>erat«<l  from  the  same  subslauce  differs  in  amount  accordiofr  to  the  luatenal  with 
which  the  aubstance  is  interacting,  the  total  content  cannot  be  statetl.  We  can 
measure  only  the  amount  transformable  in  a  given  chemical  change,  and  we  call  it 
the  free  eiierg7  which  is  available  under  the  given  ctrcumsumces.  The  above 
BCtiou  muy  be  represeuted  more  compactly,  thus : 

Iron,  free  Cb.E  +  Sulphur,  free  Cb.E  —*  Ferrous  sulphide  +  Heat  E. 

Thnt  the  ferrous  sulphide  still  contains  chemical  energy  is  shown  by  the  fact 
thai  it  interacts  with  many  substances  with  further  liberation  of  heat.  At  each 
■lep,  however,  the  stock  of  energy  in  the  miitertal  becomes  smaller  and  the  chemi- 
c»l  activity  less. 

The  Foni'th  CharncteriMIc  of  Chemir»l  Phenomena, — In  the 

course  of  this  discussion  it  has  become  clear  that  it  is  a  characteristic 
of  a  chemical  phenomenon  that,  besides  a  change  in  the  state  of  the 
mafffr,  there  is  always  an  alteration  in  the  amount  of  chemical  energy 
In  the  system.  This  alteration  consists  in  tbe  production  of  chemical 
energy  from,  or  the  trausf ormation  of  chemical  energy  into,  an  equiva- 
lent amount  of  some  other  form  of  energy. 

Tlie  absorption  or  liberation  of  energy  accompanying  a  chemical 
transformation  of  matter  is  often,  of  the  two,  the  more  important  fea- 
ture. We  do  not  burn  coal  in  oitler  to  manufacture  carbon  dioxide 
gas.  We  are  glad  to  get  rid  of  the  material  product  through  the  chim- 
ney. It  is  the  heat  we  want.  We  do  not  employ  zinc  in  batteries 
with  the  object  of  making  zinc  chloride  or  zinc  sulphate.     So  we  use 
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the  electricity,  and  throw  the  products  away  when  we  refill  the  jars. 
It  is  tlie  same  with  burning  illuminating-gas  or  magnesium  powder 
when  we  want  light,  and  with  eating  food,  which  we  do,  chiefly,  to  got 
energy  to  sustain  our  activity,  We  do  not  run  electricity  for  hours 
into  a  storage  battery  iu  order  to  make  a  particular  compound  (lend 
dioxide,  for  example),  but  iu  order  to  save  and  store  the  energy  for 
future  use.  Fully  half  the  total  amount  of  chemical  change  used  in 
industry  and  life  is  set  in  motiou  by  us,  exclusively,  on  account  of 
the  energy  changes  it  involves. 

As  will  be  seen  in  the  two  followiiig  sections,  observation  of  the 
amount  of  the  energy  absorbed  or  liberated  in  chemical  changes  is 
'also  of  the  greatest  importance  in  the  ncientijic  study  of  chemical 
phenomena. 


The  Frogreatt  of  Chemical  ActioHH  Spontttneous  or  Forced: 
Fifth  ChartieteriHtle.  —  It  will  be  recalled  that  iron  and  sulphur, 
when  the  intcractioti  has  once  been  started,  continue  to  unite  (p.  11) 
spontaneously  until  the  chemical  change  is  complete.  Similarly,  zinc 
interacts  with  dilute  sulphuric  acid  (p.  20)  until  one  of  the  substances 
is  exhausted.  On  the  other  hand,  mercuric  oxide  continues  to  decom- 
pose ooly  so  long  as  it  is  heated.  Now,  the  first  two  actions  liberate 
energy  in  the  form  of  heat  or  electricity,  while  the  latter  consumes  it. 
A  study  of  all  chemical  changes  shows  that  a  distinction  can  be  drawn 
on  these  lines  between  those  which  proceed  spontaneously  and  those 
which  do  not.  It  is,  in  fart,  a  charactetistic  of  chemical  phenomena 
'  that.  In  those  actions  which  proceed  spontaneously  to  completion,  the 
free  Internal  energy  in  the  system  diminishes  by  transformation  into 
some  other  form  of  energy. 

This  is  a  particular  case  of  a  principle  which  applies  to  all  changes, 
both  physical  and  chemical.     All  spontaneously  occurring  phenomena 
iare  accompanied  by  loss  of  energy,     A  stcjne  falls,    losing  potential 
I'BBergy,  hut  never  rises  spontaneously ;  a  body  cools,  losing  heat,  etc. 

The  form  of  energy  liberated  in  a  chemical  change  which  proceeds 
spontaneously  is  most  commonly  heat.  Hence,  ezothermat  actioiiB, 
as  those  which  produce  heat  are  called,  are  usually  of  the  spontaneous 
order,  and  endothermal  actions,  which  absorb  heat,  generally  are  not. 
Tliere  are,  however,  numerous  exceptions  to  this  rule,  both  in  physical 
and  in  chemical  phenomena.  Thus,  water  evaporates  spontaneously, 
although  in  doing  so  it  absorbs  heat.  There  is  a  loss  of  energy  in 
other  ways  more  than  sufficient  to  offset  the  acquisition  of  heat     So, 
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also,  very  many  substancea  dissolve  apoiitaneously  in  water  and  absorb 
heat  in  doing  aa.  Pliosphoiiium  chloride  (q-i'.)  decomposes  spouta^ 
neously  into  phospbine  and  hydrogen  chloride,  altliouyh  heat  is  thereby 
rendered  latent.  Ammonium  eai'bonLite  (>j.i:)  spontaneously  gives  off 
amuonia,  although  in  this  chemical  ehauge  heat  is  absorbed. 

In  any  chemical  cliaiige  which  pnnteeds  spimtanennsly,  the  energy 
liberated  may  take  tlie  I'driu  of  electricity  wheu  the  materials  are 
arranged  so  as  to  constitute  a  battery. 
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Chemical  Activity.  —  Actions  in  which  there  is  a  relatively  larga 
loss  of  chemical  energy,  and,  therefore,  a  considerable  lilieratiou  of  heat 
or  electrical  energy,  proceed  rapidly  ;  that  is  to  say,  in  them  a  large 
proportion  of  the  material  is  changed  in  the  unit  of  time.  Those  in 
which  less  free  energy  is  transfonried  proceed  more  slowly.  The  speed 
of  the  chemical  change,  and  the  quantity  of  energy  available  because 
of  it,  are  closely  related-  Now,  we  are  accustomed  to  speak  of  materials 
which,  like  iron  and  sulphur,  interact  rapidly  and  with  liheratioti  of 
much  energy  as  "  chemicially  active,"'  Thus,  rolativo  chemical  activity 
may  be  estimated  (1)  by  observing  the  speed  of  a  change  (see  iSpeed  of 
chemical  actions),  or,  in  many  ca^es  (2)  by  measuring  tlie  heat  devel- 
oped (see  Thermochemistry),  or  (3)  by  ascertaining  the  electromotive 
force  of  the  currcsnt  the  change  gives,  when  arranged  in  tiie  form  of 
a  battery  (see  Electromotive  chemistry).  These  different  methods 
will  be  discussed  in  later  sections. 

It  is  evident  that  the  chemical  activity  of  a  given  substance  will 
not  be  the  same  towards  all  others.  Thus,  iron  unites  much  more  vig- 
orously with  chlorine  than  with  sulphur,  and,  with  identical  amounts 
of  iron,  more  Iwat  is  liberated  in  the  fornxer  case  than  in  tlie  latter. 
With  silver,  sodium,  and  many  otlier  substances,  it  does  not  unite  at 
all.  One  of  the  tasks  of  the  cliemist  is  to  make  such  comparisons  as 
this  (see  Specific  chemical  properties,  p.  G7).  Evidently}  the  substancea 
containing  the  most  chemical  energy  will  be  iu  general  the  most 
active. 


I7*e  "  Catise"  of  Chemical  Artivitjf. — 'The  reader  will  un- 
doubtedly be  inclined  to  inquire  whether  we  can  assign  any  cause  for 
the  tendency  which  substances  have  to  undergo  chemical  change. 
Why  do  iron  and  sulphur  unite  to  form  ferrous  sulphide,  while  other 
pairs  of  elements  ta^en  at  random  will  frequently  be  found  to  have 
no  effect  upon  one  another  under  any  circumstances  ?     This  question 
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I  likelj  u>  occur  to  the  reader  that  it  should  be  dmit  with  mt  on««. 
is  tlat  we  do  aot  ksov.  QnCTtiona  like  this  hart  to  go 
in  all  aCTeooee.  Wbat  is  the  uaose  of  gnvitatMB* 
W«  know  the  facts  which  at«  associated  with  the  wtnd  —  the  fact 
that  bodies  fall  towuds  the  earth,  for  ezaaple  — but  why  they  fall 
WB  an  nnahle  to>  saj.  So,  with  dkanical  change,  we  ran  state  all  th* 
w«  know  about  it,  bat  ercn  tfaeti  we  eaniMK  say  wAy  it  takes  place. 

Tbe  waH»  "aOsan"  aad  "BUnction"  aie  sanedaMs  aiHaaced  w»  U  tk<gr 

toMt  wplswiion  of  rtwiral  aaixitj.    Now,  we  bai«  Mm  that  aa  tx- 

ta  tekmiem  (p.  10)  ia  s  ilMfri|irliiM  nl  the  il«t«ils  of  some  proMH,  cMmt 

ef  kaawn  fKU,  or  hjr  the  om  of  aot  iirigiiffj  bat  pbuwiUe  aad  kdp- 

He*«  BO  faeu  aie  kaowB.    Brea  faaagfaiary  naduneix  bas  ma 

by  aaj  oae.    So  that  thaw  tenis  are  wacds  tjinply,  and  do 

of  the  wiiiiBtkww  rwyilrei  <tf  aa  erphaBntfaia.    Tbey  ue  dwims 

to  andtifo  «*aaikal  rtiatigw,*'  aad  that  is  alL 

AM  wamm,  soeh  as  table  or  boOk,  aie  gsDeral  unaa  nnltcibto  to  ataay  man 

■idmdaalL    Some  spedai  noons  are  ined  in  oboaiHb;.     Fat  sx- 

tlia  tsBdoDcj  to  nndet^p)  dMaikal  obaoge,  and  distiBganbea 

ly  aaaM  from  cobenan.   or  tbe  tendency   to  unite  pfayrieally. 

ames  a  kind  of  thewkal  dnwge  in  wblcb  sonie  specific  substanee  aiast 

yet  IimU  aadeigaes  no  dtangSL     Dtsson^aoa  names  tbe  kind  of  ehenl- 

ia  vUeb  deeoiD|>oaition  eeean  wilb  ri«e  in  UmperBtare,  and  nooabi- 

when  lb*  teaspetatare  una.  Bm  none  of  these  lenns,  as  sncb,  is  an  «xpUna- 

It  does  not  explain  die  eoncnasian  of  two  railwaj  Uains  u>  name  it  a 


la 

fat 

7* 


for  "(ha 


be 

eal 


Of  Mitne,  if  we  have  aone  geanine  explaaarion,  appIieaUe  to  aD  the  otber 
kaowa  HiiMiii  of  a  rliir.  any  newly  dtaeonavd  example  fails  beir  si  once  to  U^ 
esplanatkia.  Tliis  wooid  be  tne  of  a  disaociation,  wb«re  tbe  kinetic  iheoi;  and 
Ibe  law  of  anas  action  describe  tlie  detsila  of  all  such  pbeoomena.  Here  tbs  ex- 
planarioB  lies,  not  in  tbe  name,  bat  in  tbe  knowledge  we  bare  of  other  instanoea 
of  dw  ^jae  bdiavior.  "nie  name,  oi  eourat,  snggests  tbe  wbole  theory,  U  sneb  a 
tbeoiy  tslMa.  Bat  with  affinity,  or  tike  tendency  to  eot«r  into  cbeuiicsl  action,  we 
hare  no  tbeiory  for  any  of  the  ramidea  of  tbe  dius.  We  are  entirely  jgnorant  aa 
yet  Ot  the  details  of  ia  mode  of  opention,  equally  so  in  every  ease,  and,  in  fact. 
yattym  "^"''"g  at  all  aboot  it  save  tbat  afOnity  «dats  and  that  we  can  measnie  ita 
iaienaity.    So  the  mme  cannot  remind  as  of  any  eiplsnatioa,  for  none  has  been 


Aa  words,  the  best  one  can  say  of  them  is  that  tbey  are  latfaei'  nnfnnmistely 
Affinity  snggests  Unship,  sympsihy,  or  sflecUon.  Btit  the  suggestion 
tbat  each  human  emotions  control  the  beharior  of  iron  and  soli^iur  is  too  wild 
and  too  remote  from  oommon  sense  to  furnish  sny  assistance.  Atti^icUou  bints 
at  SOBM  pnftdating  bond  ot  a  mateiial  kind  which  draws  tba  aubsianoes  together, 
to  we  cannot  conoeire  of  action  at  a  distance  witboat  some  interrf  uing  medinui 
•f  ftiT"""^trillim  But  we  have  no  otlier  evidence  of  the  existence  of  an  instan- 
taneooriy  adjnslahle  bwnees  capable  nf  drs«ing  materi^  into  chemics)  action. 
It  is  haider  to  reduce  this  idea  to  coiupi«heasible  shape  than  to  do  wtthoat  it. 
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If  we  are  tiomeliiiics  inclined  to  think  that  these  are  more  than  cIzbb-woixIs, 
ftutl  do  suggest  aoine  explanation,  we  have  only  to  carry  the  same  idea  furtlier  to 
bei  tuaded  in  ahHurdity,  UHing  BJuiilarly  crude  analogies,  we  nii^ht  Huppose  that 
the  elements  were  guided  by  scent,  like  dogs,  or  by  siglit,  like  birds,  or  by  feeling, 
like  fi»li,  and  so  on  ad  it^nituin,  arid  forget  timt  the  fact  itself  was  after  all  uinch 
simpler  than  the  explaiiatiou.    AfUnii.y  is  simply  a  fanciful  name  for  a  real  tiling. 

"  Cuuse"  iu  Science.  —  The  word  *'  cause  ''  was  employed  In  the 
beading  of  the  hist  section,  and  it  will  be  observed  that  no  cause  was 
found.  This  is  the  invariable  rule  iu  physical  or  chemical  phenom- 
ena. We  know  of  no  uausea,  in  the  sense  in  wluch  the  word  is  com- 
monly employed. 

The  word  has  only  one  definite  use  iu  science.  When  we  find 
that  thorough  incorporation  of  the  three  materials  is  needed  to  secure 
good  gunpowder,  we  say  that  the  intimate  mixing  is  a  cause  of  its 
being  highly  explosive.  By  this  we  simply  mean  that  intimate  mix- 
ture is  a  ncfi'xsni')/  anfcfirrfi'iit  of  the  residt.  A  oauae  is  a  condition  or 
ooourrence  which  always  precedes  another  condltiou  or  ocourrence. 

MisuHe  of  the  word  "  ejuise  "  is  frequent.  The  law  of  gravitation  is  not  the  cause 
of  the  behavior  of  falling  bodies.  It  is  simply  a  condensed  narration  of  the  facta 
abotU  fallitis;  bodies,  and  was  made  long  after  the  lirst  bodies  fell.  AflSiiity,  or 
the  tendency  to  interact  chemicaliy,  is  the  iniagiiied  antecedent  of  chemical  change. 
Such  causes,  if  we  cjiU  tlicui  causes  at  all,  a)c  invented  by  way  of  supplying  aute- 
cedent»  t«  things  that  appear  to  lack  them,  that  our  sense  of  gyinmetry  may  be 
BUtisfied  withal.  They  are  occasionally  useful.  But  the  less  fletion  we  employ 
in  the  science,  the  less  will  be  the  danprcr  that  the  student  will  mistake  flctions  for 
facts,  or  even  fall  under  ilie  delusion  that  it  is  a  habit  of  science  to  spend  mora 
thought  in  making  gi'at\illous  assumptions  than  iu  ascertaining  facts. 

Of  Simple  ritifl  C»Mi pound  Substances.  —  If  we  place  before 

a  physicist  samples  of  ii'on,  ferrous  sulphide,  and  sulphur,  he  will  re- 
port that  there  are  three  absolutely  distinct  substances  represented, 
because  they  show  three  different  sets  of  physical  properties.  A 
chemist,  ou  the  other  hand,  while  admitting  the  accuracy  of  the  re- 
port, in  view  of  the  criterion  used  by  the  physicist,  which  indeed  he 
uses  himself  (r/.  p.  5),  will  insist  that  there  are  only  two  perfectly 
distinct  kinrifi  nf  matter  in  the  set,  because  he  can  make  the  second  from 
matter  furnished  by  the  other  two.  The  same  sharp  contrast  in  the 
points  of  view  arises  when  mercury,  mercuric  oxide,  and  oxygen,  or 
any  similar  set  of  substances,  is  submitted  to  the  same  two  tribunals. 
In  a  sense,  chemistry  reduces  the  kinds  of  different  matter  to  a  much 
.smaller  number  than  does  physics  or  any  of  the  other  sciences,  and 
so  it  is  the  final  authority  in  all  questions  involving  matter.     By  the 
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docens  of  pbjsicadlT  diatinct  substances  are  regarded  as 
(feselv  related  because  ther  all  can  be  made  vith  iron,  or  vben  de^ 
eoBposed  give  h :  hmkbeds  am  alike  in  that  sulphur  eaters  into  their 
eonpositiaa :  thrmsands  are  compoonds  of  oxrgen.  In  fact,  the  num- 
ber of  kinds  of  matser  which  are  perfectir  distinct  in  the  strictly 
efaenucal  pains  of  Tiev  is  quite  limited. 

Tbe  coDceptioD  eontained  in  the  last  statement  was  not  readied 
vntil  ceataries  of  effort  had  been  spent  in  trviae  to  make  gold  oat  of 
prrite  <a  fhining  jellow  mineral  v  silver  oat  of  lead,  and  similar 
fruitless  tasks.  Tbe  first  to  put  our  moiem  view  into  definite  lan- 
guage was  L^Toisier  in  his  Traiti  dt  Ciimir  »17S9>.  His  inrestiga- 
tiOQS  bad  alreadT  entiielT  orerthrown  the  h_vpatfa<«is  of  the  phlogis- 
tiaits  « p.  9\  axtd  had  been  based  upoa  simple  ideas  of  combination 
or  deconpositian  of  different  kiads  of  man«r.  His  work  showed  that 
dwiaKposition  had  its  limits.  Memiric  oxide  <x«3]d  t«  decompc«ed 
irsi.  sfaorarr  and  axrgen.  but  no  means  wss  fo::3d  of  l>;«akicg  these 
■zz-  =1  <=m  and  jHttdueing  anj  fresh  sabstances  from  them.  Tbe  kiiids 
of  xtaoer  eompasng  these  simple  materials  be  L.sc«id  >liw»ots  Tbe 
t^jtusezx  is  to  be  regarded  as  an  Tihimaxe  cbe:zi:<al  iikiiiTid'aal  jiist  as 
tLe  ssbsxaace  is  tbe  pbrsicaJ  iadi-riduaL  Tbe  deSulT.'ja  of  ss  ele- 
ment is.tbsefocc:  a  tWatirt  gpe^e*  o^  ■'■ttirr  wkick  has  aot  been 

Tbe  eaaxka  wbieh  pnmt<ted  Laroisier  u>  xtse.  as  br-  did.  tbe  words 
^  aot  ftt  beeo.'  was  J3sti5ed  W  tbe  fa«t  tbai  senrTL.  rucisiast'es.  in 
bis  taae  legai^ied  as  eleiae:jXarT.  were  ifurnrir-ii  sLovn  to  lie  <Xfm- 
{•ccad.  Tbns.  qtdt^Llime  was  a  simple  szLiisiai**  ::iiTil  Itavr.  ia  ls<<S. 
fHTpared  tbe  Meca2  cainum  aad  sbow«d  tbai  •rsi'riliii^v  was  a  ixvn- 
poQud  q£  Has  laecal  with  oxr^ea.  Dis-eoTerifS  similar  to  tbis  bare 
beies  atade  <m  mare  tbaa  ooe  oeintsicci  si:^c«. 


fntfl  j^oBBSif  a  bodr  nsMAf  -zp  :C  oat  cc  mcev  R'^k^t  estiaeirjf  h»ii  zat^x 

jL     Ix  cnhir  vordb.  ase  fueaiKac  bad  scrcrbnn.  v:zTit3a.  ii.'-.  iZiS-htz     Aiij  'jLm 
if  KiL  sneao brae  &»  1111111217 etemesRs  E%?:ci9er:ri»5      Ex^erjeii^  irr..!  rKicic 

ia.  f]f  liir  nanmifi  c<  aa  eiemem-     I:i5«<d.  •^ez.  -Oit  ■Oi-.tn  miio^  l]rp:r.ijt:fiis. 
tiac  a£  'die  aD-calM  tdmieisi  an-  ica^e  of  -^dc-  fTn>lssie:iu2  icKteriikL  i-u-  ii^^e- 

tc-  ■^m  cxBxbKm.  il  lafj  linoiilicMfi  In-  v   •''  T^:>fi.«-i:-  ''■'■•  vbf^  ki&dt  -(  Ks^iie 
maaer  d&r  <)B}f  ia  &e  Tunnlur  and  arrajirfmeia  'A  '.iit  cicpsiic^  pnuaumaiig 
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Element  and  Sfnipte  Subntaiice  ^ot  Equivalent  Tertna.— 

We  hare  seea  that  all  substaticea,  that  is,  physical  imlividiiaJs,  must 
be  thought  of  aa  coutaiiiiuy  both  matte  i-  and  energy  (p.  26).  It  is 
certain  that  iron,  if  it  could  be  deprived  of  the  euergy  it  loses  in  com- 
bining with  sulpliur,  would  be,  before  combination,  aa  different  from  the 
free  metal  iron  as  i.s  the  couipound  ferrous  sulphide  itself.  Now  the 
development  and  use  of  the  idea  of  elements  just  given,  showa  that 
by  the  woi-d  "  element,"  applied  to  iron,  for  example,  the  cheraiBt  refers 
only  to  the  mutter  of  this  specific  variety,  It  is  this  part  alone  which 
passes  tinfhntif/i'il  from  the  state  of  metallic  iron  into  combination  and 
vice  varm,  or  from  one  state  of  combination  to  nnother.  An  element  !■ 
therefore  A  kind  of  ntntter  ^hlch  nerer  ejrititH  nlnne.  It  is  al'nrayB 
combined  vrith  more  or  less  chftnictll  energy,  and  often  with  soma 
other  element  or  elements  as  well.  ^1  simple  mibntftnee,  on  the 
otlier  hand,  like  all  substances,  haM  Independent  eadBtence,  and  con- 
taltiB  but  one  element  combined  with  a  certain  quantity  of  enerffy. 
A  eompunntl  titthtitunee,  or  compound,  contains  more  than  onA 
element  together  with  a  certain  amount  of  energy. 

Thai  tliis  iiiterpretalion  of  the  habit  of  tiimiglit  of  cUeaiiata  is  correct  is  shown 
by  the  fjicttli.xt.  they  spuak  of  both  the  yellow  and  the  red  form  as  "the  element 
phoHpliorua,"  and  aiso  describe  jihoisphoras  pentoxkie  and  phosphine  as  "contain- 
ing the  element  phosphorus."  The  only  iliiiig  that  is  commnn  to  all -four  is,  of 
course,  matter  of  aBpecific  variety,  to  which,  therefore,  the  term  "element  phos- 
phorus "  must  pritdiirily  apply.  The  individuality,  marked  by  certnin  specillc 
properties,  of  the  yellow  or  the  red  variety  or  of  one  of  the  compounds  aa  a  aub- 
^ance  in  as  much  depeudent  on  the  cnerg>'  it  contains  its  uii  the  mntter.  Hence  Ute 
term  auhstarice  covers  the  euergy  aa  well  as  the  one  or  more  kinda  of  matter  con- 
tained in  the  waterial. 

Having  regard  to  this  distinction,  an  eletoent  was  defined  above  as  a  "  variety 
of  matter,''  and  not  as  a  Hub^tance,  aud  the  phraseology  used  throughout  the  para- 
gi'aph  maintains  this  distinction.  No  mention  was  made  of  energy  in  the  defini- 
tion or  elisewhere,  for,  in  comparing  simple  euhstaucea  and  compouDds  In  the 
abstrju-'t,  the  ouly  diatinction  is  Ja  the  matter.  Following  each  simple  variety  of 
matter  into  and  out  of  combination,  or  from  one  state  of  combination  to  another, 
is  one  of  the  Uisks  of  tlie  chemist.  It  ia  also  bis  husiiiesa  to  observe  the  ener^ 
changers.  But  this  is  an  exercise  quite  distinct  from  the  other,  and  constitutes  a 
separate  t^tsk  in  which  different  methods  of  observation  have  to  be  employed. 

The  element  Is  thus  an  abstractinu,  reached  by  leaving  the  energy  out  of  con- 
sideration and  thinkiiig  of  the  matter  ouly.  It  is  invented  for  the  purpose  of 
(Icscribiiig  the  difference  between  the  concretes,  the  sitople  substance  and  the  com- 
pound eubsiance.  To  use  element  and  compound  as  if  ttiey  were  tlie  concrete 
Ihinpi  to  be  contrasted,  involves  confusion  by  mixing  two  dintisict  categories. 

As  we  have  only  one  name  for  the  element  and  the  corresponding  simple  snb- 
slanci",  it  is  well,  when  thero  l.s  danger  of  ambiguity,  to  call  the  iimple  tubitanre, 
not  '•  iron,"  "  aulphur,"  or  "  the  eleuicn',"  but/ree  iron,  frm  sulphur,  and  iu  gen. 
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Cral  terms  the/reo  element,  or  ihe  eletiterUary  substance.  Tbe  aaiue  kiiid£  of  matter 
ill  cuHtbintiUoii  arts  llieu  the  tiemetd  iron  ur  combined  iron,  and  the  etemenl  autphur 
K'l-  combined  suiphw. 

Tbe  uhamist's  work  is  dlrecteti  wtiolly  by  tbe  tbouglil  ttiat  the  Individual  ele- 
ment (the  matter),  iifter  combination,  is  still  present  in  the  compound  in  «ome  form 
which  b  at  leattt  gucui-diBcrete.  The  reaiiiu»fi>a  of  tbe  element  to  be  released  on  re 
more  uuder  suitable  couditions  seems  to  favor  tbis  point  at  view.  But  with  the 
energy  in  a  substance  it  is  different.     We  cannot  easily  tbuik  of  the  portions  of 

,  which  uame  in  with  the  seveni!  constituents,  as  being  any  longer  attached  to 

icuJar  parts  of  the  eonipouud.  Indeed,  in  some  actions  (cliiefly  exothermal) 
The  free  energy  diminishes  and  a  part  eatapea,  while  in  others  the  reverse  occnr& 
Whatever  energy  the  compound  contains,  it  iWHsesseB  as  a  whole,  and  a.Htate  of  dis- 
tribution between  the  constituents  ie  seldom  taktm  into  cousideriitiou,  Tlje  specu- 
lations concerning  the  relations  of  the  alou^s  in  complex  molecules,  which  have 
played  a  large  and  useful  ptirt  in  organic  cbemislry,  seem  to  constitute  the  only 
notable  divergence  from  this  point  of  view. 

Hiese  remwks  are  intrtiduced  l>ecause  they  help  to  demonstrate  the  logical 
neeeasHy  of  the  chemist's  habit  of  maintaining'  n  sharp  separation,  in  his  mind  at 
least,  between  questions  involving  changes  in  tbe  state  of  combination  of  maiUf 
and  questions  of  energy  (see  Formulie  and  equations,  p.  57) . 

Amoug  the  substances  which  we  have  been  hantlHng,  iron,  siilphiir, 
mercury,  oxygen,  and  hydrogen  are  the  free  fonns  of  elemeota.  On 
the  other  hand,  the  subatant;es  which  we  have  shown  to  be  composite 
are  ferrous  sulphide,  rust,  roerctiric  oxide,  silver  nitrate,  and  common 
salt.  It  will  be  seen  that  by  combination  of  a  limited  nismber  of  ele- 
ments, two,  three,  or  four  together,  in  varying  proportions,  all  the 
known  distinct  substances  might  easily  be  accounted  for.  The  list  of 
elements  whose  individuality  has  been  established  appears  upon  another 
page  (Chap,  xii);  of  these  the  larger  number  are  not  frequently 
encoantered.  More  than  99  per  cent  of  terrestrial  material  is  made  up 
of  eighteen  or  twenty  elements,  of  wliich  the  quantities  of  the  first 
eleven,  as  estimated  by  F,  \V.  Clarke,  are  given  in  the  following  table : 


Oiygon 40.08 

Silicon 25.30 

Vliuniaium 7.20 

Iron    5.08 


Calcium S.61 

Magnesium    2.50 

Sodium  2  as 

Potassium 2.23 


Hydrogen 0,94 

Titanium 0.80 

Carlxin 0.21 


The  evidence  of  the  spectroscope  shows  that  the  sun  and  stars  con- 
tain many  of  the  very  same  elements  as  does  the  earth. 

Some  of  the  FundnntcnftiJ  Tderrn  used  by  ChemiHts  and  the 
Corresponding  Termtt,  —  To  the  chemist  it  is  above  all  important 
that  he  should  be  able  to  describe  in  unambiguous  terms  the  phenom- 
ena he  observes  and  the  inferences  he  draws. 

To  do  this  he  requires  some  fuudamental  ideas  connoted  by  suit- 
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able  terms.  Many  of  these  ideas  and  terms  we  have  been  employing 
ill  order  to  accustom  the  render  to  their  use.  It  is  now  advisable  to 
take  them  up  more  systematically. 

Any  particular  specimen  of  matter,  such  as  a  piece  of  sulphur,  a 
portion  of  water,  a  piece  of  ferrous  sulphide,  a  fragment  of  granite,  or 
some  nitrate  of  silver  solution,  we  call  a  body.  There  are  thus  as 
many  bodies  as  there  are  discret-e  portions  of  matter.  A  body  may  be 
heterogeneous,  or  made  up  of  visibly  unlike  parts,  as  granite  and  a 
mixture  of  iron  powder  and  sulphur  are ;  or  it  may  be  homogeneous, 
or  alike  in  all  parts,  as  are  pieces  of  sulphui'  and  ferrous  sulphide  and 
portions  of  water  and  nitrate  of  silver  solution. 

Examination  of  these  homogeneous  bodies  shows  that  the  sulphur, 
ferrous  sulphide,  and  water  differ  from  the  nitrate  of  silver  solution  in 
having  but  one  pbyaical  componeiit,  while  the  last  contains  two  com- 
ponents, nitrate  of  silver  and  water,  separable  by  physical  means. 
The  last  is  like  a  mixture,  only  it  is  homogeneous.  Again,  the  first 
three  differ  amongst  thcimselves,  the  tirst  being  a  simple  Ixidy,  with 
one  chemical  conBtituent,  and  the  two  others  being  compounds  haviug 
eaoh  two  chemical  constituents.  We  speak  of  the  components  of  a 
mixture  or  a  solution  because  the  parts  are  htid  tuge.thei'  and  retain  in 
the  former  case  all,  and  in  the  latter  much,  of  their  identity.  But  of  a 
compound  we  use  the  word  constituents  because  the  parts  are  i/iiilt  into 
each  other  and  have  lost  their  identity. 

When  a  body,  say  a  specimen  of  sulphur,  contains  a  littlr.  of  some 
other  physical  component,  we  speak  of  it  as  impure  sulphur.  This 
does  not  mean  that  it  contains  dirt  in  the  ordinary  sense  of  the  term. 
A  little  magnesivim  chloride  is  a  common  impurity  in  table  salt  (sodium 
chloride),  and,  by  absorbing  moisture,  renders  it  more  moist  in  damp 
weather  than  it  would  otherwise  become.  "  Chemically  pure  "  means 
that  the  quantities  of  the  impurities  which  the  material  is  most  apt  to 
contain  have  been  reduced  below  the  amount  which  would  interfere 
with  the  most  exact  chemical  work  for  which  the  sutetance  is  com- 
monly employed.     Absolutely  pure  bodies  are  unknown. 

By  convention  we  continually  speak  of  "pure  "  hydrochloric  acid, 
or  of  '^pure"  sulphuric  acid,  although  there  may  be  more  than  60  per 
cent  of  water  present  in  the  former,  and  7  per  cent  in  the  latter.  By 
this  we  mean  to  distinguish  the  former,  for  example,  from  "  commer- 
cial '■  hydrochloric  acid,  which  contains  impurities  like  sulphuric  acid 
and  a  coloring  matter  in  addition  to  the  water.  The  water  is  in  fact 
disregarded,  since  it  is  assumed  to  be  present  in  all  cases. 
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'We  disthigiiish  one  body,  sir  one  piece  of  sulphur,  fmn  anothtt 
by  its  veigbt.  form,  or  rolume.  Eieh  particular  specimen  differs  from 
ereiy  otlwr  in  these  auiibm— .  These  are  general  attributes  possessed 
by  natter  and  aie  used  in  cheubor  for  measuring  quantity. 

When  all  the  bodies  to  vhieh  we  should  apply  the  name  **  sulphur  '^ 
are  eonpared,  we  find  that,  although  some  are  in  fine  powder,  and 
otfaeis  in  lumps  of  various  shapes  or  in  crystals,  and  thus  differ  in 
weight,  form,  and  Tolume,  they  nevertheless  hare  many  qualities  in 
cximmon.  These  qualities  we  call  apecific  piopeiUea.  or  properties 
common  to  a  species.  The  material  composing  all  the  K^ies  of  one 
species  we  call  a  sobstance.  Some  of  the  specific  properties  charao- 
terizing  a  substance  and  common  to  all  spe..*imens  of  one  species  are 
color,  odor,  crystalline  structure,  hardness,  melting-point  ^temperature 
of  fusion  i,  solubility  in  water  or  other  solvents,  boiling-point  (^tempera- 
ture above  whi?h.  at  760  mm.  pressure,  the  substance  is  gaseous^,  sj^e- 
ci6c  gravity,  specific  heat,  and  conductivity  for  eleitricity.  Thus, 
sulphur  is  yellow,  has  little  odor,  ctystallixes  in  the  rhombic  system, 
has  a  hardness  of  2.5  on  a  scale  of  ten.  has  the  m.-p.  llo°  C,  is  not 
perceptibly  soluble  in  water  but  dissolves  in  carbon  disulphide  (41 :  100 
at  18*>,  has  the  b.-p.  448°  C,  the  sp.  gr.  2.  the  sp.  ht.  0.18,  and  is  a  very 
poor  cmidnctor.  In  the  first  two  chapters,  while  presenting  the  ex- 
perimental facts  required  for  our  discussion,  we  have  had  to  s}^ak 
of  fiibttanees  very  frequently  (c.y.  pp.  26  and  32),  and  have  done  so 
always  in  the  above  sense. 

Slight  nrutions  from  the  standard  properties  of  the  substance  usnallv  indi- 
cate the  presence  of  an  impurity  bomogeueouslr  inoorporaied.  The  precise  vavs 
in  wfaidi  the  properties  are  affected  in  such  rases  will  be  considered  under  sola- 
tiona. 

The  "sabstaoce"  will  be  seen  to  be  of  an  atmlnMci  nature.  It  is  a  conception 
built  op  by  selecting  ^or  abstracting)  the  prupe^ies  common  to  all  specimens. 
Hence  we  classified  chemistry  as  an  absiract-concrete  science  (p.  S  'i.  The  th^ict 
under  observation  are  amerete.  the  clarification  of  the  rtauU*  is  under  conceptions 
of  an  abstract  nature  like  this  one. 

Tliat  an  bodies  of  a  like  kind  hare  many  identical  properties  is  the  most  funda- 
mental fact  in  chemistry.  Being  a  general  fact,  we  call  it  a  laiv.  and  word  it  as  fol- 
lows  :  The  specific  properties  of  a  substance  are  constant  In  all  apeoi- 
mens.  Experience  harin!;  given  us  confidence  iu  its  universality,  we  take  it  for 
granted  in  all  our  work  (^.  First  characteristic,  p.  5i. 

There  are  still  other  qualities  which  a  body  (or  specimen  of  mat- 
ter) may  possess.  It  has,  for  example,  a  certain  temperature,  press- 
arc,  motion,  or  electric  charge.     These  we  speak  of  as  conditions  of 
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the  body  rather  than  properties.  Ie  the  use  of  the  body  they  may  be 
altered,  arid  some  of  them  may  be  removed  or  added,  arbitrarily. 

Thus  there  are  three  kinds  of  qualities  to  be  considered.  The 
attributes,  like  weijjht,  form,  and  volume,  do  not  belong  to  substances 
but  to  bodies.  The  tpeeijic  j)rn/ierti'*'s,  like  color,  solubility,  and  odor, 
belong  by  right  to  substanr^es,  although  we  sometimes  speak  of  them  in 
connection  with  bodies.  The  cowfitijuis,  like  temperature  and  motion, 
belong  to  neither,  for  they  can  be  altered  without  changing  either  the 
body  or  the  substance. 

Wlieu  the  word  "  properties  "  is  «se<J  in  speaking  of  a  aubfltaiice,  we  generally 
refer  lo  ibe  specitie  piopertiest  only,  tot  b  substaneo  m  by  definition  the  bearer  of 
nothing  but  coiiBlant,  that  is,  unchangeable  qualitiea.  The  weight  aud  volume,  tha 
temperature  and  pres.iure,  are  variable,  and  ihey  do  not  enter  into  the  conception 
of  the  substance.  This  distinction  seta  the  abstract  nature  of  the  "substance"  in 
high  relief. 

Methods  of  Work  and  Obgerratlon  in  Chemistry.  —  It  is  not 

the  end  of  chemical  work  tft  make  generalizations  or  laws,  like  the  char- 
acteristics of  chemical  phenomena  (pp.  5,  16,  etc.),  or  conceptions,  like 
those  dealt  ■with  in  the  preceding  paragraph.  These  are  simply  the 
vii'ttns  by  the  help  of  which  chemical  work,  whether  it  be  investigation, 
commercial  analysis,  or  manufacturing,  may  h&  carried  on  moresystera- 
atieally.  Together  they  constitute  our  system  for  classifying  the  facts 
with  a  view  to  ready  reference.  The  sample  experiments  (pp.  10-14), 
if  reexamined,  will  show  that  we  there  employed  most  of  the  cate- 
gories of  our  classification  which  have  so  far  been  described. 

Thus,  in  the  experiment  with  iron  and  sulphur  (p.  10),  it  was  first 
our  object  to  find  out  whether  the  bodies  bad  interacted  chemically  on 
buiiig  mixed.  To  do  this  we  endeavored  to  ascertain  whether  any  por- 
tion of  tlie  mixture  had  acijuired  new  specitic  properties  (p.  35). 
Here  we  used  the  law  (p.  7)  that  all  the  properties  of  the  pi>oducta 
of  a  <diemii'al  interaction  are  different  (pp.  5-7)  from  those  of  the  initial 
sul)statices.  \\'e  also  noted  the  specific  properties  of  the  substances 
oonoerned,  purposely  omitting  all  mention  of  quantity  and  tempera^ 
ture,  because  attributes  (p.  35)  like  the  former  and  conditions  (p,  35) 
like  the  latter  do  not  characterize  gulistances  (p.  36)  in  general,  as  dis- 
tinct from  particular  specimens,  and  cannot  be  used  for  identification. 
We  found  that  a  part  dissolved  in  carbon  disulphide  and  the  remainder 
was  all  magnetic. 

While  all  the  specific  properties,  of  whii-h  a  few  are  mentioned  on 
p.  35,  find  application  in  identification,  tlie  tirst  seven  in  that  list  are 
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most  frequently  used.  And  of  tltese  sev^eu  the  solubility  in  various 
solvents  and  the  iKuling-poiut  aT«  by  far  the  most  important.  This  is 
because  they  are  best  suited  for  »fi'arut'mg  oiixtures.  Thus,  here,  we 
first  remofetl  the  sidpbur  by  dissolving  it,  aud  then,  after  evaporating 
away  the  solvent,  we  completed  the  identification  by  reeognizing  the 
color  and  form  of  the  residue.  Similarly  we  recogniied  by  its  appear- 
ance and  magneUo  property  the  iron  tliat  was  Uji  undissoh-fd. 

Separation  by  the  use  cf  one  of  these  two  properties,  th>'n  application 
of  tlie  others  for  identification,  is  the  general  order  of  procedure  in 
chemistry.  Most  of  the  other  properties  cannot  be  recognized  readily 
in  mixtwet,  as  a  moment's  thought  will  show.  The  general  color  and 
the  specific  g^vity  of  a  mixture,  containing  unknown  substances  in  un- 
known proportions,  for  ex.ample,  tell  us  little  about  the  corresponding 
properties  of  the  components.  Magnetic  properties  may  be  used  for 
separation,  also,  but  iron  is  almost  the  only  substance  which  shows 
them  markedly,  so  that  their  application  for  the  purpose  is  very 
limited. 

The  use  of  the  boiling-point  (temperature  of  vaporization)  for  sepa- 
ration was  illustrated  in  the  evaporation  of  the  carljon  disulphide  to  get 
the  sulphur  alone.  This  solvent  has  a  very  low  boiling-point  (46°  C.) 
and  therefore  a  high  vapor  pressure  at  the  temperature  of  the  room, 
By  \-irtue  of  this  it  evaporates  rapidly.  The  sulphur  (b.-p,  448"  C)  is 
not  volatile  under  these  conditions  and  remains  behind. 

In  connection  with  this  investigation  we  employed  several  of  the 
common  methods  of  manipulation  used  by  the  chemist.  These  methoilB 
are  derived  from  the  cotieeptions  described  in  last  paragraph.  Thus 
we  treated  the  miiture  with  a  solvent  (Fig.  11),  on  the  assumption 
that  if  it  was  heterogeneous  (p.  34)  the  components  would  each  irehave 
as  if  aJone  present.  We  then  filtered,  a  metboil  invented  for  dealing 
with  a  heterogeneous  mixture  consisting  of  a  solid  and  a  liquid. 
D«caiitatloii  is  often  used  in  such  cases  when  the  solid  is  specifically 
much  heavier  than  the  solvent  and  settles  readily.  We  allowed  the  car- 
bon disulphide  to  evaporate  spontaneously,  and  this  is  our  favorite 
methi.Kl  of  dealing  willi  a  inixturB  which  is  homogeneous,  and  therefore 
would  run  through  a  filter  as  a  whole  without  suffering  separation. 
When  the  liquid  hasa  higher  Iwiling-point  than  50-60°  C,  as  water  lias, 
we  use  heat  from  a  steam-bath  or  Runscu  flame  to  promote  the  evapora- 
tion. In  evajioration  we  allow  the  vapor  of  the  liquid  to  escape,  be- 
cause it  is  the  less  volatile,  dissolved  imdy  that  we  wish  to  examine. 
Wlicii  we  desire,  on  the  contrary,  to  examine  the  liquid,  the  vapor 
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must  be  condensed.  This  method,  which  we  have  not  yet  had  occasion 
to  employ,  is  called  dlBtiUation  (Fig.  16).  The  jacket  round  the  long 
tube  is  filled  with  a  stream  of  cold  water,  which,  on  account  of  its  high 
specific  heat,  quickly  cools  and  condenses  the  vapor.  The  resulting 
liquid  is  caught  in  a  flask. 

These  methmls  may  V)e  adapted  to  the  investigation  of  any  similar 
problem.  Thus,  gunpowder  is  made  by  the  intimate  mixing  of  sulphur, 
charcoal,  and  saltpeter  (potassium  nitrate).  If  no  chemical  interaction 
whatever  has  ooc.uned,  a  sample  will  be  wholly  separable  into  these 
components.     If  a  partial  change  has  taken  place,  a  cei-taiu  amount  of 


FIG.  16. 

material  with  different  properties  will  be  discovered  in  the  mixture. 
If  the  change  has  been  complete,  no  portion  of  the  original  substances 
will  be  found.  We  must  first  study  the  specific  properties  of  each  of 
the  ingredients  separately,  in  order  that  a  plan  of  separation  may  be 
devised,  and  that  we  may  have  a  basis  for  comparison  with  the  products 
of  the  separation. 

The  experiments  with  mercuric  oxide  (p.  12)  and  with  silver 
nitrate  (p.  13)  simply  ring  the  changes  on  the  same  conceptions. 
When  we  heat  the  former  it  is  resolved  into  its  constituents.  We  se- 
lected the  experiment  because  tlie  c^onditions  are  such  that  separation 
of  the  products  from  each  other  and  from  the  original  material  occurs 
spontaneously  without  further  manipulation.     The  separation  depends 
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OB  tlM  boQing-pouts  of  the  materials.  That  of  oxygen  is  verr 
knr  (—183^  C.^» :  so  that,  being  a  gas  even  at  orviioaiy  temperatur<::s.  it 
eoMMS  off.  That  of  mereuiy  is  much  higher  1 357^  *'.  >,  btn  the  heat  pro- 
daeed  far  tiw  flame  <  100i>--12t»'  C.  in  the  bottom  of  the  test-tabe;  is 
■Hire  tiiaa  snlBcient  to  Taporize  this  pn>iact  also.  The  speeilj  con- 
deaadtkn  oa  the  cooler  port  of  the  tube,  oaosing  $rp'tmtimk  of  the  tvo 
pradacta.  is  dne  to  the  wide  -iifffrtntx  •'«  h^Uimy-yrntitt.  The  pan  of 
the  f  i<  III  if  oxide  which  is  still  anchanz^  od  the  other  hand.  L« 
cntxielj  inT>}iasiIe  even  as  l:^.•>'  C. :  so  that  it  do^  not  mingle  with 
tke  TiyoriaA  prodoets  as  alL 

In  the  »Kioa  of  silrer  n:trate  on  sodiam  chloride  I'p.  13).  it  was 
sohiixlitT  that  famished  the  mrrAns  of  separating  the  prodacts.  The 
silTcr  ehloriite  is  piacsicallv-  insol^le  in  wa:er.  whilr  soiiizm  nitrate  'ts 
Toy  solabie.  To  iei.-OTer  the  lattrr.  the  boiling-points  were  then  cott- 
sdered.  aad  the  more  easily  Ta,porL»d  water  was  •iriven  off. 

Waeo.  f xjjvtnz  'iat  laser  expertsiec^  *&«  C^er  ^iU-icAt  vas  fzpcaed  v>  Hz!:^ 
reKi-ssna  tnso  alter  a=>l  !iil>:r-.3ie  :->:k  9<a:«.  Tm  ;r:<!-^:w  becuae  myaztuA 
UraTT  as  ■»».  teeaaie  'ral'jc-lze  U  ft  ru  -  <cfiKaai:e  of  »>w  b.-p.,  asii  al-rer  it  a 
Mlia  ^OBoailj  a  <whiniiir»  of  a^  b.-p... 


Ie  erwry  ease  the  sp«cir»r  properties —  color.  ■?ry5ralli:jr  forsi.  ard  so 
forth  —  by  which  recoearti«?n  is  effr«:«ed  wer?  n-ri^rl-:  c-ed. 

la  eonaeetiaa  with  th«  foregoiri.  tie  f'.»IIowisg  p.:iits  iLoriJi  be 
asced: 

L  Tbak  eom'ridewre  in  tim  or  t*r«?i»  jp«i?i£-?  properties  is  g'ecerallj 
Rj&raeit  to  easrari-^n  id'e:::>irr. 

2.  Taa£  we  itfqally  baTe  w>  ♦'»»r/^*?  tL*  cocpoomsa  •:£  a  =:.ii::T.r» 
«  wtusuxi  befoee  iii«titi£>ttti-:ii  •'a:.  'c«  ^-■^rtini. 

3L  Thas  if  ocr  pmc>=.  w-rr»  -i*  w-rKay  -.5  i  zarn-'-Ii^  v.!i:^»---.: 
wboee  -tsnaEiTxeiiSi  w*r*  3c>:w:u  w*  •l-.-iI-i  nvij  ■h*  -.  T'.«i-L:^*  .f  »a  :. 
aueajK  oy  ta«  ab»;"r»  ar^»>i.  v^i^  •:':;•:''*  zn'-z-s  *•:•  r-rt  ti*  -^.CLz^'.aiji  a 
a  poze  sahscaaiK.  we  *t»7cji  try  :•:•  imi^  ■!■?  I'.cy.'ur.-z.  ■::  «i.-L  of 
tht  htitial  sahseaai'^s  icars  f no.  dirr  zri^es-sarr  !i'.c-r.-i7jT- *  Wr  ■:ia;  icj 
sy-prodae»  f-;caxfiii  »i»:cji  Li-*  .»- -1  z  y-.^irrrr.-i*  -ht:  w*  •x'lli  r«iLlT 
eSset  a  Kaansaae  -f  -i-rs  fr  c  -i*  •f-^^_:«i»i  t.cij.r.iinl 

4.  Tbat a wii*  E:»:T!*ii»  -.d  r:en:  ■  ''.fr'  -il  :  ■•■':<*rnj»s  :*  rr!'.-.:r»t£ 
for  iaseHizeK:  caifm.:-*!  w:rk    :/.  ;;.  ;V*-^'  •  ir. :  ►*-'  . 

5.  T^as  OCT  ai"*?:!'*!*  i."*  ^•-.r^r-Hr'-  1  -jL-r-L  ^■.  i.»  -.t:  v.  fr^a.nrjt 
cissaifaZy  '•nm.Z'CseiL  be  •'-clj  zcji-j^^iZ-j  ;i;i-»iL  f '.••tl*  .f  ::i;irr*t  •  ly*-?'- 
a  pajwal  »CT^isaaI  lot  »«.  3»:iaa>«L  k:ui  -tt^i  iirx.  .clj  -J  t.  is»  z^rw 
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properties,  and  is  not  recognized  aa  a  known  substance,  we  next  proceaf' 
to  separate  it  into  itt)  I'hetnipal  conafcltuents  so  as  to  learn  which  uon- 
stituenta  it  contama  aud  in  what  relative  proportions  by  weight. 

Sammaf}/,  —  Iq  this  chapter  we  have  added  considerably  to  our 
eoneeptioti  of  the  si^ope  of  chemistry  (e/.  p.  16).  Although  our  survey 
is  by  no  means  yet  complete,  we  may  condense  our  results  as  follows: 

Chemistry  deals  with  the  changes  in  composition  and  constitution 
which  substances  undergo  and  with  the  transformations  of  energy 
which  accompany  them.  To  convert  the  isolated  facts  into  a  science  we 
classify  related  parts  under  laws,  such  as  those  of  conservation  of  mass 
(p.  17)  and  of  energy  (p.  23),  and  under  conceptions,  such  as  those  of 
chemical  energy  (p.  25),  element  (p.  31),  body  (p,  34),  substance  (pp. 
26,  32,  and  35).  We  also  distinguish  between  attributes,  specific 
properties,  and  conditions  (pp.  35-36).  In  the  last  paragraphs  we 
have  indicated  briefly  the  use  to  which  these  conceptions  and  i 
classification  are  put. 

Chemical  laboratory  work  consists  largely  in  the  separation,  recog- 
nition, and  description  of  substances.  The  importance,  especially,  of 
thorough  familiarity  with  specific  properties  and  the  influence  of  con- 
ditions (for  example,  temperature)  to  these  ends  is  shown  by  the  ex- 
amples (pp.  36-39).  The  system  of  classification  as  a  whole  is  part  of 
the  everyday  mode  of  thought  of  the  chemist,  for  thought  consists 
largely  in  comparing  and  contrasting,  and  our  system  of  classification 
furnishes  the  norm  of  this  so  far  as  chemistry  is  concerned.  Learning 
chemistry  consists,  therefore,  in  learning  this  classification  «nd  becom- 
ing liabituated  to  its  use. 

The  influence  of  conditions  has  as  yet  been  barely  touched.     It  will 
be   dealt  with    mnre  explicitly  as  occasion  offers.     The  attribute   of 
quantity,  whii-li  has  already  received  some  attention  (pp.  8,  17), 
form  the  basis  of  discussion  in  the  next  chapter. 


hi^ 
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ExereigeH.  —  l.  Define  the  following  tenns,  and  find  illustrations 
of  each,  other  than  those  given  on  pp.  34-39  :  mixture,  physical  com- 
ponent, chemical  constituent. 

2.  Describe  («)  a  red-hot  rod  of  iron,  (A)  an  aqueous  solution  of 
sugar,  employing  all  the  terms  given  on  pp.  34-36  so  far  as  they  are 
applicable. 


chaptee  in 

I B I  HOTHTClQgT  HI 
mtltffimUe  rrmpmwHmmt.  Sixth    ClKmrm«*erit*ie  mf 

sae  v«n^ae  ypcQtaPDoati  of  lit  Kcss^xstezM  r     Tie  <icca2*Tr-reT  ier»ieic2 
BeniiChJfS  asid  Yntusi.  zi^  viuc^  ue  'cciirrz  {r-pj»:«vc  ibe  f^'T7iurT» 

icasucs  of  uie  atext^aiL  j-^sukj  of  ibe  «kilT  ^ikn  cf  i^  Ziiae^eectli 
asamx.     lie  -wits  {if  fcnr-Tig  ■:«  ie'XsniX'iis^it  »  OL«iL;o=2id.  or   c»f 

eUTTisg  est  &  3&lC«   fvnrj.'rf-x    tiitOUifA.   <^.&Sifr.  SJiJ    M-   T£r:-C«C   iliSr-S- 

xSKihr.  Tie  KCA^acsi^  iii<f:  ibMi  uf  «:sj«rs&«Li.  k::id  ilie  }>rci;i:<rDce:s 
<tf  tie  ]Biaerikl&  3lat  itt  kl-;>fcreid  &i  o^:t  irill  ti.ii.  is  *^>:m-  c-f  toi 
caifiBiiKiBS  aibucu  of  Ck3%f  III  vcc-k.  :iO  4:ki<e  -cc  T&r:i.tj'.c  :::  lire  j  rc<}Kff- 
taoB  <tf  Sie  noTignnfma  acTwaT.'t.  iu»f-a  os  f-rue uoi^  zz.  k  citcZi  (lieiL:;aJ 
aesaon  iss  dcmie  to  ':ictit  If  !.:«  s.-aiL  of  ccie  KCisniraeL':.  f  :•:  ^'Xtz.i >. 
is  ta^flXL,  a  pm  siiLT>JT  ;en.ii.TTif  --■>  r:«.'f!w  A  LigLe;  icS^jierjirETe 
BST  bastem  tie  dteihii^l  a?Qcc  ':n;i  h  a.:te>  iiri:  il^t-is  ibe  qr.ar.TiiAnTe 
fwmpfwnlaaB  of  tie  pTodaco.  itri-Tioed  iii«r  res^^tLijg  $vii<3:iL:t':«»  u<e  of 
tie  same  xtzscre.  It  -vns  tie  'vork  ctf  StiiS  1 1  V>!'-^>?  tIj':!  seiiled  lie 
quescicEi  ir  jtrorring  list  era:  &iicLi  TiLnsncc^  cki^c«:  it  d-eie-ciod.  It 
is.  ticT^ure.  k  ams-ameriraf  of  (■2j«L:-.-jiI  yzteziz-nif'Z.k  xhta  :  Xa  eTcrty 
t  of  cock  caaqKnmd  sobstaaoe  ionoed  cs  ^'  ■■'■'■  j  ""'^  tke  jvo- 
1  by  -vcA^t  of  tke  ocsiat±t3icsita  im  al-vays  tbe  suae  TLlS  <:U::ie- 
JoehS  of  ihn  it  kn'rvr.  i;;  i^f-  law  al  i^itiTrir^  propartaaa»  'VTL^l  tie 
ocqcjiosrucc  c«f  &  F=.bKkaf>*-  ste^in:?  !*:•  :*  Tt^h':"j<-.  :i  :>  tZ-wiTc  f:i-^ii5  i-i. 
dosea-  f-Thirrr.itDae.  liii  ii*^-Lii::akI  iLiir-^rts  i-f  {.;•=.*  i:iii  vere  :*:!.£ 
wiifiialr-n'i  for  pert  Fu.bsaiii!^!'. 

AitflthfT  Urm  a!  mtaeaiBsr^  vhuAi  it  a  snr.'CiKT  of  '^!f  riiH^.  ciii  if  s;i;>':ia.'hir 
mac  dijeRjtt-  ic-  ean^^ikx  ciiankOii  t^ruiira^  n:  Tiit  nij:  \v  ««i£1j:  vC  u:t  vOr-  (C 
die  iKUBS  or  jrodncs*  u!  k  cii«micb.  i-iiuict  '•.:•  lit  inJK?  i»  r:>iiicu.:. 

Tftr  iMm-mf  MmUi/tU  Frttpufrtitm*.  .SrrrniA  Ck^rm*t^rU*ir,  — 

In  tie  comse  of  ereu  s  xerr  lix::ed  frjifnr-ii'.'r  :r  ii'r  t-xaniuaiJOL  of 
chemical  acmpcmzids.  -we  sbouJc  :*  iot:iid  :•:•  f.iid  iLsj  usoiiir  ibe  p-..:'- 
suaoes  'viidi  ve  emniiifid  w«re  ciiiies  of  rwo  ctr  i&i:>re  perf«(':J.r  dis- 
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tinct  bodies,  inatle  of  the  same  elements,  but  on  analysis  found  to  con- 
tain different  jn'inKirtioua  of  the  eonatitueuts.  We  slii.mlfi  diijcover 
that  each  of  those  distinut  substances  had  a.  cunstant  compositiuu  pecul- 
iar to  itself.  Thus,  we  find  in  nature  a  Ijeautiful  yellow  mineral 
kiinwu  aa  pyrite.  A  pure  sample  of  this  foiitaius  nothing  l>iit  iron  and 
sulphur,  and  yet  the  composition  of  the  sobatuuf^e  is  entirely  different 
from  that  of  ferrous  sulphide  (p.  12).  The  percentage  of  the  constit- 
ueuts  in  each  is  as  follows  : 

FeiTOng  sDlpIiide.       Pyrlto. 
Iron  63  M  40.63 

Sulphur        3S.41  ba.SS 

If  we  calculate  from  these  data  how  much  of  one  of  the  elements  is 
combined  with  idenbical  amounts  of  the  other  in  eack  of  the  two  com- 
pounds, a  simple  relation  emerges  from  the  seemingly  unrelated  pro- 
portions. Thus,  taking  one  part  of  iron  in  each,  we  find  63.5S> ;  36.41 
: :  l:a;  (=  O.r.Tli.'))  and  40.62  :  53.38  itl:x(=  1.145).  Thus  the 
quantities  of  sulphur  (0.5725  and  1.145)  combined  with  one  part  of 
iron,  in  ferrous  sulphide  and  pyrite  respectively,  arc  in  the  ratio  1 :  2. 
The  reader  wil!  tind  by  calculation  that  if  the  quantity  of  sulphur, 
instead  of  that  of  irou,  be  tixed  at  any  value,  the  proportions  of  iron 
in  the  compounds  will  then  stand  in  the  ratio  2  : 1. 

Again,  suljihur  burns  in  the  air,  fonning  with  oxygen  a  gaseous  sub- 
stance whose  odor  is  familiar.  But  a  different  compound  of  the  two 
elements,  generally  seen  in  the  form  of  a  white  fibrous  solid,  is  much 
used  in  dj^e-factories.  In  the  former,  the  proportion  of  s\dphur  to 
oxygen  is  almost  exactly  1 ;  1  (50  per  cent  of  each),  while  in  the  lat- 
ter it  is  1  :  IJ  (40  per  cent  sulphur  and  60  per  cent  oxygen).  Thus 
the  two  different  proportions  of  oxygen  combining  with  one  part  of 
sulphur  are  in  the  ratio  1  :  1 J  or  2  : 3. 

The  existence  of  this  simple  relation  is  not  an  aci'ident,  and  con- 
fined to  these  eases.  It  is  a  ride  to  which  no  excei>tion  has  yet  been 
found.     More  complex  examples  yield  the  same  result. 

Til  lis  Lliere  are  known  over  two  lumdred  couipoiinds  ot  carboti  atul  hyilropen, 
all  different  in  coniiHisittou.  But  if  we  tix  the  quantity  of  one  of  tlit?  elements  and 
fiud  the  amount  of  the  other  which,  in  each  compound,  is  cojnbined  with  thut 
quantity,  the  ratio  of  thess  amounts  Iji  eiich  other  is  eipressible  by  iiitpftral  uum- 
bera.  Take,  as  a  sample,  the  compositiims  ot  duir  of  these  substjuicps ;  tuetlmiie. 
acetylene,  etliylene,  and  naphthalene  (moth -halts)  contain  respectively  3,  12,  0, 
and  16  parts  of  carbon  combtiied  with  one  part  of  hyilrogen. 

These  ratios  are  not  those  of  opprorhnnffh/  whole  numlwrs.  The 
more  caref'dly  our  determinations  of  the  proportions  of  the  constitu- 


DITRODUCTOBY  HI  48 

ents  in  tihe  several  compounds  have  been  made,  the  more  exactly  do 
integral  numbers  represent  the  numerical  relations  between  the  results. 
This  principle  was  discovered  by  Dalton  (1804),  and  was  emlxxlie<l 
bj  him  in  a  statement  known  as  the  law  of  mnltiple  proportions, 
which  ran  somewhat  as  follows :  If  two  elemonts  unite  In  more  than 
one  proportion  forming  two  or  more  oomponnds,  the  qnantities  of  one 
a<  the  elements,  which  in  the  different  oomponnds  are  united  with 
identical  amounts  of  the  other,  stand  to  one  another  in  the  ratio  of  in- 
tegral numbers,  which  are  usually  smalL 

The  Measurement  of  Combining  ProportionH.  —  Tlie  mmi 
exact  measurement  of  the-  proportions  in  which  the  elements  combine 
to  form  compoimds  involves  manipulations  too  elaborate  to  tje  gone 
into  here.  Operations  of  the  same  nature  are  described  in  works  on 
quantitative  analysis.  One  or  two  brief  statements,  diagrammatic 
rather  than  accurate,  will  show  the  principles,  however. 

If  we  take  a  weighed  quantity  of  iron  in  a  test-tube  and  heat  it  with 
more  than  enough  sulphur  (an  excess  of  sulphur;,  we  get  free  sulphur 
along  with  the  ferrous  sulphide  (p.  12;,  and  no  free  iron  surviv>;s. 
We  may  remove  the  free  sulphur  by  washing  the  nAul  with  carlxm 
disnlphide.  The  difference  between  the  weight<i  of  ferrous  sulphide 
and  iron  gives  the  amount  of  sulphur  combined  with  the  known 
qoantity  of  the  latter. 

As  an  example  of  the  study  of  rusting,  we  may  weigh  a  small 
aatoont  of  copper  in  the  form  of  powder  in  a  porcelain  hunt  and  pass 
oxygen  over  the  heated  metal  (Tig.  17;.  The  formation  of  cnprif.  oxide 
takes  place  rapidly.  If  we  limit  the  oxygen,  part  of  the  copper  may 
leraain  nnaltered ;  if  we  nae  it  freely,  the  excea^  will  poM  on  unchangerL 
A  given  weight  of  copper  cannot  be  induced  to  take  np  more  titan  a 
certain  amount  of  oxygen,  and  o.^  of  a  I«»  amonnt  .dimply  limits  the 
amotmt  of  eopper  transformed  into  oxide.  The  orginal  weight  of 
the  copper,  and  the  increase  in  weight,  representing  oxygen,  give  as  the 
daxa  for  determining  the  composition  of  ctipric  oxide.  The  rw»yrd  of 
thie  result  is  osoally  made  in  the  form  of  che  qiantitj  of  each  coo- 
stitaent  in  a  hnndred  ports  of  the  compooiid.  and  is  fiadlf^d  the  per- 
lee  compqaitioa. 

The  data  fimiahed  by  one  rmgh  lectcre-experiment,  for  example 
ras  fbCows: 

Voic&c  'rf  bone  emptf i  4ifi  f. 

Wo^  /iC  base  —  inpper  ♦  HT*.  %. 

'.aleapptr 0.«Mz, 
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Weight  after  addition  of  oijgen 4.468  g. 

Weight  without  oiygen 4.27B  g. 

Differeuce  =  weight  of  oiygen 0.210  g. 

The  proportion  of  w»pper  to  oxygen,  so  far  as  this  one  measurement 
goes,  is  therefore  8D  :  21. 


Uh^ 
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To  find  tlie  percentage  of  each  constituent,  we  observe  that  the  pro- 
portion of  copper  is  85  :  85  +  21,  or  -^^  of  the  whole.     That  of  thel 
oxygen  is  ^^  of  the  whole.     Thus  the  percentages  are  ; 

Copper,  106  :  85  ::  100  :  a;        x  =  80.2 

Oxygen,  106  :  21  ::  100  :  a-'        y=  19.8 

Naturally,  the  mean  of  the  results  of  a  number  of  more  carefully 

managed  o.^tperimeuts  will  be  nearer  the  true  proportion.     Tlie  percen- 
tages at  present  ai;cept«d  as  most  aceurate  are  71).!)  and  20.1. 

In  the  ciise  of  mercuric  oxide,  we  may  decompose  a  known  weight 
of  the  oxide  (p  12)  and  afterwards  weigh  the  mercury  aud  ascertain 
the  oxygen  by  difference. 

Finally,  a  atrip  of  the  metal  magnesium  may  be  set  on  fire  in  the  air. 
It  gives  out  a  dazzling  white  tight  in  burning,  aud  on  this  account  the 
powdered  metal  is  used  in  making  fiash-Ught  powder  for  photography. 
The  product  is  magnesium  oside,  a  white  substance,  which  partly  rises 
as  a  dense  smoke  aud  partly  falls  on  the  ground,  In  a  loosely  closed  ^j 
porcelain  vessel  (Fig.  18)  the  metal  may  be  burned  slowly,  with  ths^| 
help  of  the  heat  from  a  small  tiiune,  aud  the  oxide  may  be  retained.^^ 


* 


A 


INTRODUCTORY  111 


45 


The  weight  of  magnesium  ribbon  taken  and  the  increase  in  weight  due 
to  oxygen  give  the  data  for  calculating  the  proportions  of  the  constit- 
uents. 

The  following  figures  show  the  results  of  experiments  in  these  and 
other  simple  cases,  and  represent  the  percentage  compositipn  of  the 
prodacts,  only  two  places  of  decimals  being  given  in  each  case.  They 
will  be  required  for  the  discussion  of  the  next  topic. 


(1) 


(2) 


(«) 


Capric  oxide 
Copper,  79.8 
Oxygen,  20.1 
Mercnric  oxide 
Hercnrjr,  02.69 
Oxygen,  7.41 
Water 

Hydrogen,  11.18 
Oxygen,      88.81 


(4)  Cupric  sulphide  (7) 
Copper,       66.48 
Sulpiiur,     83.01 

(5)  Mercuric  sulpliide         (8) 
Mercury,    86.18 
Suli^ur,      13.81 

(6)  Hydrogen  sulphide        (0) 
Hydrogen,    6.92 
Sulphur,     91.07 


Cupric  chloride 
Copper,       47.3 
Chlorine,     6'2.7 
Mercuric  chloride 
Mercury,      73.8 
Chlorine,     26.2 
Hydrogen  chloride 
Hydrogen,    2.76 
Chlorine,     97.23 


TheLawofCombininif  Weights,  Eighth  CharacUristle.  —  The 
ntios  in  the  above  list  represent  the  true  proportions  by  weight  in  the 
various  compounds,  but  uatn- 
lally  the  individual  numbers 
constituting  those  propor- 
tions  have  no  chemical  sig- 
nificance whatever.  They  are 
arbitrary  values  selected  so 
that  the  constituents  of  the 
proportion  may  together  make 
100.  Each  pair  represents 
the  constant  ratio  which  is  the 
mean  result  of  numerous  ex- 
periments. 

We  begin  the  effort  to  re- 
duce these  numbers  to  order 
by  aeleeting  one  element  as 
ear  starting-point,  and  by  tak- 
ing some  convenient  weight 
of  it  as  the  basis.  As  we 
shall  see.  it  makes  nn  difFrrmre  what  choice  we  make  in  either  f* 


Tin.  IK 


sppees.  Toavoid  wasieof  tiaie,  •»••;  ihall.  therefore,  -x-se  oxygea,  a^  it  ;» 
the  element  generally  preferrefi  by  ■r'r.rmisa  for  the  parpo«e.  Tht 
reason  for  this  preference  will   be  appar-=:nt  later  ^see  pp.  48,  «>1« 
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We  should  naturally  be  inclined  to  use  1  jmrt  of  the  element  as  our 
basis.  Rut  our  later  steps  involve  finding  out  what  amounts  of  the 
other  elements  combine  with  this  ijuantity,  and  we  perceive  that  the 
amount  in  the  case  of  hydrogen  will  be  ouly  0,120  parts.  We  calculate 
this  from  (3):  88.81  :'  11,18  -.  1  ;  x  {=  0.126).  If,  however,  we  take 
8  parts  of  oxygen,  this  amount  of  hydrogen  is  also  increased  eight 
times  and  becomes  1.008,  As  no  element  is  found  to  combine  in 
smaller  proportions  than  hydrogen,  we  are  satisfied  that  a  scale  for  our 
numbers  based  on  8  parts  of  oxygen  will  not  involve  any  values  less 
tluin  1.     The  choice  of  scale  is  purely  one  of  convenience. 

Our  further  procedure  is  determined  by  a  desire  to  demonstrate  a 
particular  relationship,  and  so  we  must  keep  a  fixed  principle  in  mind. 
This  principle  is  that  of  calculating  a  series  of  combining  proportions 
of  which  each  succeeding  member  is  the  amount  of  some  element  which 
coiTibines  with  the  amount  of  the  one  preceding  it  in  the  list.  Oxygen 
is  the  initial  member  of  the  sei-ies. 

From  (1)  we  calculate  the  amount  of  copper  combined  with  8  parts 
of  oxygen,  thus:  20.1 :  79.9  :  i8  :  a;  (=  yi.8j.  We  next  look  for  an  ele- 
ment which  combinea  with  copper —  any  such,  whether  it  appeared  in 
the  above  list  or  not,  would  do  —  and  from  (4),  for  example,  find,  by 
the  same  method  of  calculation,  that  31.8  parts  of  copper  unite  with 
16.0.3  parts  of  sulphur.  Then  we  select  any  element  that  combines  in 
turn  with  sulphur,  and  from  (5)  learn  that  16.0.3  parts  of  sulphur  unite 
with  lOO  parts  of  mercury.  Next  we  observe  from  (8)  that  lOft  parts 
of  mercury  eomViine  with  3.'5.4r)  parts  of  chlorine.  Finally,  from  (it )  we 
calculate  that  3.').4.i  parts  of  chlorine  unite  with  1,008  pacts  of  hydro- 
gen.    Setting  these  results  down  in  order,  we  obtain  the  series: 


OXTOEM 

Ooi'Psa 

SCLI'HCB 

Mebcobv 

Chloiuxe 

HVDBHOES 

8 

.31,8 

16.03 

100 

35.45 

1.008 

Since  each  of  these  numbers  represents  the  amount  of  the  corre- 
sponding element  which  is  actnally  found  to  comMne  completely  with  the 
quantities  of  two  other  elements,  we  may  call  thera  combining  weighta. 
It  must  be  observed,  however,  that  those  of  our  measurements  of  which 
we  have  nuuic  use  in  deriving  them  relate  each  number  in  the  series  to 
its  two  {mmrilinte  jti-'njhlHir»  onltf. 

Now  (2)  gives  the  proportion  in  which  oxygen  combines  with  mer- 
cury. Uy  calculation,  7.41  :  02.59  ::  8  :  j-  (=  100),  we  find  that  8 
parts  of  oxygen  combine  with  100  jiarts  of  mercury.  It  must  be 
l)ointed  out  explicitly  that  this  result  for  mercury  and  oxygen  is  en- 
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tirely  independent  of  the  previous  one  for  mercury  and  sulphur,  by 
which  the  value  100  was  originally  derived.  It  is  based  upon  the  in- 
dependent measurement  of  the  proportion  of  mercury  in  mercuric  oxide, 
and  we  could  not  possibly  have  foretold  what  this  2»'oportioti  would  be. 
It  appears  then  that  the  above  combining  weights,  at  first  measured  for 
neighboring  pairs  only,  are  also  the  weights  according  to  which  remoter 
combinations  take  place.  Further  study  confirms  this  speculation. 
Thus  (3)  shows  that  oxygen  and  hydrogen  combine  in  the  proportion 
8:  1.008,and  (7)  gives  the  proportion  in  cupric  chloride,  and  (6)  that  in 
hydrogen  sulphide  exactly  as  they  stand  in  the  series. 

A  few  other  pairs  in  this  set  are  capable  of  uniting.  For  example, 
oxygen  and  sulphur,  as  we  have  seen,  form  two  compounds  in  wlii(rli 
the  proportions  are  found  to  be  2  x  8  :  16.03  and  3x8:  16.03.  Bulphur 
and  chlorine  unite  in  the  proportions  16.03  :  2  x  3m.45  and  2x16.03  : 
35.45.  Sulphur  and  copper  form  another  compound,  cuprous  sulphide, 
and  in  it  the  proportion  is  16.03  :  2  x  31.8,  instead  of  16.03  :  31.8. 
These  examples  are  also,  incidentally,  illustrations  of  the  law  of  mul- 
tiple proportions  (p.  43). 

These  relations  become  clearer  when  represented  diagrammatically. 
Thua  the  five  elements,  omitting  oxygen,  give  the  following  compounds 
and  no  others : 


W' 


-1:2- 


-11- 
-2:1- 


\ 

-1:1 Sulphur 1:1— Mercury— 1;1 — Chlorine — 1:1 — Hydrogen 

(16.03)  (100)  (as.  45)  (1.00») 

-2:1 


-12- 
-2:1- 


-Irl- 
-2:1- 


It  win  be  ofanerred  that  hydrogen  forms  fitable  componndfi  with  only  two  of  the 
other  four  elements  in  the  aeries.  If,  however,  oxygen  had  been  included,  conipfinndii 
of  o^gen  with  all  the  other  fire  would  have  demanded  recoi^nition.  Thin  illoMtratMi 
the  reaaoo  given  below  for  the  preference  of  oxygen  a^i  the  fundamental  element. 

It  ought  to  be  added  that  combination^^  of  three  or  more  eiemeiitrt  are  not  nn- 
eaamon.  but  neither  doea  examination  of  thesic  cases  ri;veal  ar.ythinir  In  cr>nflict 
with  the  principle  which  oar  stody  of  the  combinine  vfvzii'.*  \*  bringing  to  light. 
for  example,  oxygen,  '•hlorine.  and  bydrocen  rcmbine  in  the  proportion*  ; 

Ix  •  :  »8l46  :  1.008,        6x8:  3o"45  :  1  006.        and  8  /  8  :  V.A!.  :  l.0«. 
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A  complete  study  of  all  known  combinations  of  all  the  elements 
sUows  that  no  comjjoiaid  containing  any  two  or  more  of  tlie  elements  is 
kntiWHf  whose  composition  eannftt  he  expri'^sAd  in  tfr-m-s  of  tke  comhininy 
weights  found  in  a  series  like  the  above,  by  using  proper  iiitegral  fac- 
tors when  necessary. 

This  statement  would  remain  true  whatever  element  we  chose  as 
the  iflitial  one  of  the  series  (see  Exercise  1,  p.  52),  whatever  combining 
weight  we  assigned  to  that  element,  —  for  this  affects  only  the  scale  of 
all  the  members,  not  their  relative  values,  —  and  whatever  the  order  in 
whiuh  the  succeeding  elements  were  taken.  It  applies  to  all  the  ele- 
ments without  exception,  for  the  above  series  might  have  been  extended 
to  include  all  the  known  elements.  It  represents,  in  fact,  not  a  prop- 
erty of  our  method  of  manipulation,  but  of  chemical  combination  itself. 

It  will  now  be  seen  that,  since  the  order  is  a  matter  of  indifference, 
a  long  series  like  the  above  is  not  needed,  and  would  lead  only  to  cumu- 
lative errors.  The  exact  determinations  of  the  combining  weights  of 
most  of  the  elements  have  actually  been  made  by  direct  union  with  oxy- 
gen or  with  the  help  of  but  one  intermediate  step.  Again,  if  the 
question  had  been  one  of  mathematics,  hydrogen,  the  element  with  the 
lowest  combining  proportions,  woidd  have  furnished  the  basis  and  unit 
of  the  scale.  But  the  question  was  the  practical  one  of  getting  the  most 
accurate  measurements  for  the  relative  maguitudes  of  the  numbers,  so 
oxygen  was  chosen  instead.  Nevertheless,  the  value  8  was  selected  in 
order  tliat  the  advantage  of  having  a  mathematical  unit,  or  something 
close  to  it,  ia  the  eomVnning  weight  of  hydrogen,  might  be  retained  also. 

The  law  of  combining  weights  may  be  put  briefly  thus  :  The  pro- 
portionB  by  weight  in  'which  all  chemical  combinations  take  place  can 
be  expresaed  iu  terms  of  small  iutegral  multiples  of  fixed  numbers 
called  combining  weights,  one  for  each  element.  It  describes  what  is 
perhaps  the  most  striking  of  al!  the  characteristics  of  chemical  action. 

It  is,  perhaps,  hardly  necessary  to  point  out  that  ihe  laws  of  definite  and  inul- 
tiple  proportioiiH  are  simply  partial  aUtetnents  wliose  whole  content  ia  included  in 
tills  fftr  greater  generalization.  Ko  one  ctieinlRt  NUfceeded  In  iHacovering  this 
property  of  conibjulug  weights.  The  work  of  J.  B.  Bichter,  Dalton,  aud  miuij 
others  contributed  to  it. 

Witflout  this  fact,  the  remembering  of  the  compositions  of  chemical 
substances,  necessary  as  it  is  to  the  chemist,  would  have  been  com- 
pletely beyond  the  power  of  any  ordinary  memory.  With  it,  the  task 
becomes  comparatively  simple.  It  is  only  necessary  to  decide  on  the 
best  system  of  values  for  the  combining  weightSi  and  then,  regarding 
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\e  valn«  of  this  for  each  tlement  a»  the  unit  of  weight  for  tfiat  element. 

express  the  proportiona  of  the  elemeut  in  every  compound  by  the 

proper  multiples.     Thus,  given  a  list  of  the  comlnniug  weights,  one 

for  each  element,  only  the  small  integral  multiples  have  to  be  kept  ia 

lind  in  connection  with  each  compound. 

The  reader  will  require  a  little  time,  however,  before  he  becomes 
accustomed  to  the  use,  not  of  a  single  unit  of  weight,  but  of  a  different 
le  for  each  element.  Chemistry  is  the  only  scient^e  in  which  the 
physical  unit  of  weight,  which  is  the  same  for  all  materials,  is  not 
employed  for  every  purpose.  The  physical  manipulations  of  the 
^■fthemist  are  carried  out  with  the  use  of  physical  units,  but  the  chemi- 
^^■al  reiitdts  are  eicpressed  in  terms  of  individual  unit  quantities  of  the 
^^■everal  elements,  the  combining  weights, 

^^^  The  individual  units  actually  used  for  each  element  are  not  in  all 
cases  identical  with  those  we  have  given.  The  final  values  will  be 
discussed  in  the  next  section  but  one. 

Most  of  the  drat  exact  deteriiiina.tioTis  of  combining  proportionM  were  made  by 
Berzelios  before  18.30.  It  Rbriuld  be  added  ibnt,  while  the  cuiubinttig  wvi^htR,  witli 
(be  exception  of  that  of  oxygen  which  is  tbe  stamlanl,  are  never  actually  whole 
numbera,  although  they  often  approaob  .'(uch  integral  values,  the  iutegere  used  to 
tnulriply  tbein,  when  they  are  employed  to  expreus  cumbiuiiig  proportions,  are  io 
most  exactly.  Even  in  determinations  by  metiiods  of  the  highest  refinement,  the 
factors  to  be  used  in  muitiplyitig  ilie  eombinitig  vieipht«  are  always  found  to  dl- 
Terge  from  whole  numbers  by  amounts  within  the  known  errors  of  the  method  of 
tneasureinent. 


Equtpaients,  —  The  combining  weights  may  be  viewed  from  an- 
standpoint.     The  relation   between  the  first  three  members  of 

'^ries  diaciissetl  in  the  last  section,  for  examijle,  nmy  be  stated 
thus  :  16,03  parts  of  sulphur  and  8  parts  of  oxygen  combine  with  iden- 
tical amounts  of  copper,  niiniely,  31.8  parts.  Either  of  them  will  satisfy 
the  same  amount  of  this  third  element.  In  fact,  they  are  equivalent 
for  the  purpose  of  combination.  Similarly,  31.8  parts  of  copper  and 
100  parts  of  mercury  are  eijuivalent,  because  either  will  hold  16.03 
aarts  of  sulphur  in  combination. 

Now,  copper  will  actually  displace  mercury  from  combination  with 
Fthird  elemeut.  The  copper  will  combine  with  the  third  element,  and 
the  mercury  will  Ite  set  free.  So,  if  we  know  the  combining  weight  of 
copper,  but  not  that  of  mercury,  we  can  make  a  measurement  of  the 
amount  of  mercury  displaced  by  31.8  parts  of  copper.  This  amount 
(100  parts),  which  we  then  call  the  '•  equivalent,"  will  be  also  the  re- 
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quired  combiniug  weight  It  will  be  so  because  this  amount  ot  mercury 
was  formerly  in  fombiuation  with  that  quantity  of  the  third  element 
with  which  31.8  parts  of  foppi-r  are  now  united.  The  terms  combin- 
iiitJ  weight  and  equivalent  both  refer  to  the  same  members,  and  the 
latter  simply  emphasizes  a  particular  experimental  method.  Follow- 
ing tlie  custom  of  chemists,  we  shall  hereafter  refer  to  the  combining 
weiglit  on  the  scale  oxygen  =  8  as  the  equivalent  of  the  element.  The 
equivalent  'weight  of  an  element  is  the  quantity  of  the  elemeDt  'which 
combineB  'with  or  displaces  S  parts  of  oxygen  or  1.006  parts  of  hydrogen. 

Atomic  WeiffhtH. —  The  chemist  frequently  uses  the  idea  of 
equivalents  and  the  values  we  have  given  thein.  But  &r  more  often 
he  employs  a  slightly  differing  set  of  numbers,  which,  for  reasons  that 
will  appear  in  a  subsequent  chapter,  he  calls  atomle  weighta.  The  fol- 
lowing list  shows  the  elements  whose  equivalents  we  have  been  dis- 
cussing, along  with  one  or  two  others,  added  by  way  of  furaishing  a 
fair  sample,  and  gives  both  sets  of  weights  for  the  purpose  of  com- 
parison : 


EquIva- 

Kijfivv 

ElJ!ME3(T. 

UlNTB  <C01I- 
IllMXO 

Weights), 

Atomic 
Weioiitr. 

El.EJUUiT, 

BISIHO 
WKtdBTS). 

Atojoc 
Wkiohts, 

Oxygen .     .     . 

8 

16 

Iron  .... 

27.05 

65.9 

Copijcr  .     .     . 

31.8 

C3,0 

Magnesium 

13.18 

24.36 

Su  phur      .     . 

10.03 

32.06 

Carbon  .     .     . 

MOO 

12.00 

Mercury     .    . 

lOO.O 

20r>.0 

Aluminium     .  , 

um 

27.1 

Chlorine     .     , 

33,45 

3G,4S 

Sodium  .     .     . 

23.0') 

23.06 

Hydrogen  .    . 

1.008 

1,008 

Bromine     .    . 

79.90 

70.96 

It  will  be  seen  that  some  equivalents  have  been  multiplied  by  two, 
the  first  four  and  those  of  iron  and  magnesium,  for  example ;  some 
have  been  multiplied  by  three,  like  that  of  aluminium ;  some  by  four, 
like  that  of  carbon  ;  aud  some  remain  unchanged,  like  those  of  chlo- 
rine, hydrogen,  sodium,  and  bromine. 

The  reasons  for  this  manipulation  of  the  simple  equivalents  found 
by  experiment  is  ba.sed  upon  theoretical  considerations.  As  it  is  im- 
possible, until  we  reach  certain  imjiortant  facts  which  cannot  lie  intro- 
dnced  here,  to  explain  these  considerations,  the  discussion  of  the  rea- 
sons for  the  changing  of  tJie  numl>ers  will  Le  postponed  until  after 
tliese  lai'ts  are  before  us.  Suffico  it  to  say  that  great  advantages  are 
found  to  attai.'h  to  these  modiiicationa  in  the  vahies.  The  step  from 
equivalents  to  atomic  weights  (q.v.)  is  taken  before  the  justilicalioii  of 
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it  can  be  given,  Iiecause  otherwise  formulw  (see  next  chapter)  could 
not  Ije  used  in  the  earlier  chapters,  and  «o  the  advjmtages  their  em- 
ploy lueur  offers  would  bo  saerilicwL 

A  little  thougiit  will  show  that  the  atomic  weights  have  all  tiie 
properties  which  we  liave  shown  to  Lielong  to  the  conibiniiig  WL'ights 
(equiraloDts).  The  atomic  weight  is  the  unit  of  weight  (p.  49)  actu- 
ally used  iu  expressing  the  proportioua  of  each  element  in  all  its 
compounds.  The  integral  factors  sue,  of  lourse,  dilfereut  from  those 
which  would  be  employed  in  expressing  ihe  com  pavilion  of  the  same 
substance  in  terms  of  equivalents,  because  many  of  the  latter  have 
been  multiplied  by  small  integers  already  in  cotirse  of  iieiug  made  into 
atomic  weights.  But  the  multiplication  has  in  every  case  been  liy  an 
integer,  so  that  no  change  iu  the  properties  of  the  nnntbers  lias  oc- 
curred. 

To  the  reasons  given  above  for  the  choice  of  oxygen  as  the  funda- 
mental element,  and  the  value  8  for  its  combining  or  ecjuivalent  weight, 
one  other  may  now  be  added.  The  majority  of  the  atomic  weights, 
calculated  on  this  basis  fr()m  the  experimental  results,  fall  so  close  to 
being  integers  that  the  nearest  round  numbers  are  exact  enough  for 
ordinary  use.  Thus  in  tlte  alwve  list  nine  of  the  twelve  atomic  weights 
are  within  0.1  of  the  nearest  whole  number.  This  convenience  disap- 
pears when,  for  example,  hydrogen  with  the  value  1  is  made  the  basis. 

The  reader  will  inevitably  find  difficulty  at  iirst  in  thoroughly 
gra.<;ping  the  signihcance  of  these  numWrs.  It  may,  tlierefore,  be  of 
some  assistance  if  a  hint  is  thrown  out  uliich  will  suggest  a  concrete 
basis  for  this  curious  property.  These  iiunil)ers  appear  to  mean  that, 
when  we  wish  to  make  a  chemical  ei)mpf>und,  we  may  choose  any  two 
elements  from  the  list,  and,  if  it  is  found  that  they  can  condnne  at  all, 
we  have  only  to  take  the  atomic  weights,  worked  out  from  other  com- 
binatums  of  each  element,  and  we  shall  find  that  they  will  exactly 
suffice  for  this  case  of  chemical  union.  If  complete  comliination  of 
both  materials  does  not  take  place,  theu  trial  will  quickly  show  what 
multiples  of  the  atomic  weights  will  result  in  this.  The  situation 
seems  to  suggest  that  the  constructing  of  chemical  compounds  depends 
ui>on  the  putting  together  of  ready-made  "  parts,"  like  those  of  a 
watch  or  a  bicycle.  The  parts  seem  to  be  "interchangeable,"  and 
each  element  seems  to  l»e  furnished  to  us  by  nature  in  ready-made 
packets  suitable  for  application  in  buildiug  up  any  chemical  Btmcture. 

A  complete  list  of  atomic  weights  is  printed  on  the  inside  of  the 
cover  at  the  back  of  this  book. 
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Summarp.  —  Thi8  chapter  adds  an  important  item  to  our 
ment  of  the  scope  of  the  science  {if,  p.  40),  which,  therefore,  now 
reads  aa  follows :  Chemistry  deals  with  the  quantitative  study  of  the 
changes  in  composition  and  constitution  which  substances  undergo  and 
with  the  transformations  of  energy  which  accompany  them.  To  ex- 
press the  quantitative  relations  which  are  observed,  a  different  nnit  of 
weight  is  employed  for  each  element,  and  is  known  as  the  ato: 
weight  of  the  element 

There  are  other  important  characteristics  of  chemical  phenomena 
mostly  eoncenied  with  the  conditions  (p,  35),  but  those  which  have 
been  given  are  suEScient,  for  the  present,  to  guide  us  in  the  systematic 
study  of  the  behavior  of  the  elements  and  their  chief  compounds. 

It  uiaj  not  be  out  at  place  Lo  iiidicnle  wttk'b  are  the  most  important  conditions. 

The  first  condition  wlifise  influence  we  are  likely  to  notice  in  cbeuiicai  work  Is 
tlmt  of  (emjiCTwiure.  The  accelerating  effect  ot  rise  in  temperature  on  the  Bi>ee«l  of 
all  clietnical  changes  (see  Cliap.  v),  and  van  "t  HoEf's  law  (q.v.)  in  regard  to  the 
eflect  of  temperature  on  the  direction  of  chemical  change,  describe  the  most  impor- 
tant choracteriHtica  of  thm  influence. 

The  second  condition  wlioKe  effects  we  continually  observe  ia  lliat  of  eoticeniro- 
tiofl.  This,  and  not  chemical  nRiiiity,  as  many  mippose,  dctennines  chemical  be- 
hftvior  In  the  majority  of  familiar  actions.  It  is  deseribcl  by  the  law  of  concentra- 
tion (q.v.),  or  "  maiss  action,"  as  it  is  often  inappropriately  callwl  to  the  great 
detriment  of  cleamesii.  Brin's  method  of  obtainlii<;  oxygen  funiii^bes  the  first  con- 
spicuous case  of  the  influence  of  this  CDndlllun  wliicli  wc  Hlinll  encounter.  If  ihia 
and  m;\ny  other  etainplea  are  passed  over  williout  discusKron,  it  is  only  because 
we  must  wait  until  tnutrii  chemical  ei[)erience  has  been  gained  before  this  principle 
can  be  unileretood.     Pressure  is  the  special  name  for  concentration  in  gases, 

A  third  condition  of  great  Importance  in  many — perhaps  most  —  cbemical 
actions  is  the  presence  of  a  catfilytic  agent  (q.v.). 


Exercinen.  —  1.  Starting  with  mercury  as  the  basal  element  and 
100  as  its  combining  weight,  calculate  from  the  data  on  p.  45  a  series 
of  combining  weights  for  the  other  five  elements.  Then  show  that  this 
ries  baa  the  same  properties  as  that  discussed  in  the  text 

2.  There  is  another  oxide  of  copper,  namely,  cuprous  oxide,  which 
differs  in  properties  and  composition  from  cupric  oxide.  lu  it  the 
ratio  of  copper  to  oxygen  is  2  X  31.8:8.  If  this  compound  had  been 
used  in  deriving  the  combining  weight  of  copper  on  p.  46,  what  effect 
would  this  procedure  have  had  on  the  rest  of  the  series?  Would  the 
properties  of  the  aeries  have  been  affected  ? 

3.  Calculate  the  equivalent  (combining)  weight  of  ii-on  from  the 
composition  of  ferrous  sulphide  (p.  42). 
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dbst  1^  eon^iJeBF  descripQcm  off  a  ciienDcal  rihuicr  m-^a  be  ^xrMid- 
ii^^T  3BT«^T«d.  Ix  a  nkooeraSKT  oaonjuex  acxkm.  sach  ss  iJiai  of 
■nriiimi  rti'inrinf  upaa^  bUtti  mcnsa,  'we  sMOjd  sbt  thai  ioarnin  c^o- 
nde.  cwnpfnd  ctf  cnc'  ataaix  ««i|;lu  «Bck  of  sodixon  and  (^cviiie.  -v^Mot 
laou^it  is  eaaaa  wr^  silrf;  shxate.  oosEpoiini  of  <ne  asoanir  '«'<nfi:iix 
ead:  of  szlTa  axtd  :itrc<iT£  aad  tLrcit  asontir  ireif^ts  of  axxiiai.  pere 
sirtt  ciuande.  fnacpoiied  of  one  xtaax  -vB^ht  eadi  of  bItct  and 
ciuaniie,  and  aodicni  nrtraxe.  ocanposeid  of  cm^  axamk'  wdjilit  earli  of 
sadniB  and  xotanpeii  aad  t2i7e«  asctmk  -vR^lits  of  ctKTi!C!&.  Ssrli  a 
staseaneot.  wiDe-  h  -w-ot^d  pi  re  all  tii*  i»tts  frc-Ta  li*  OTsaatitaTiTf 
podnt  of  xirv.  'vaajd  be  diiBruh  to  pas^*  and  larting  ia  persjoriBiiT. 


-  In  ordrT  w  repw-seni  the 
BXtore  of  a  cJtei&icAl  cbancfie  in  a  form  -«rhi<-b  m&j  be  taken  in  ax  a 
glasee.  tite  dwmist  is  is  tbe  batet  of  csisg  orrcaia  aymbola.  £ra  iiitrc»- 
dsced  In-  Ben^ns.  TLas,  the  letters  Af  represent  (oe  ai-omie  mipbt 
(£.«_  1(C,93  paitt)  of  silrer  (irpemtum\.  and  O  refspeser.ts  cme  autmie 
veigbx  ( Le^  16  parts  ■  of  oixfrwL  In  atbw  words,  the  svmbc']  of  aa 
elcaxkem  means  cs>e  cbemica!  cidt  wpigbt  of  tbe  elemect.  Sinf«  masv 
dements  begin  -vitb  tbe  same  iainaL  two  It^ters  bare  f  requesitJT  to  l<e 
Tiseid  to  disbagnish  ib«a.  "WTjen  the  aaiaes  of  tbe  eJemeats  are  not 
tbe  same  in  all  laricTistire*.  resort  is  freiqari.t  it  La<i  to  Latin.  TLas.  Cn 
Etands  for  one  (xnabiaiag  -w-t-ipit  of  tx-»p]*r  irvt-mm  -^  Fe  is  ttfied  for 
iron  ijfrrmm\  Hg  for  mercniir  .  hy<}rarcynim\  From  Gf-xmaa  we  bare 
3(a  for  Boditus  inatrivm  •  aad  K  for  pcnassium  (i-T.'.'i,- ».'•..  To  repre- 
•ent  a  enonpoimd.  tbe  STtabc-ls  of  tbe  elemeats  ■whicb  it  ixiataias  are 
placed  side  bv  side,  small  aambers  iadinadac  maltiplr«  of  tbe  atomic 
vei^its  ■wbere  tber  occur.  Thus,  sodium  cUoride  is  represeated  br 
tbe  Evmbols  XiCL  silver  aitraje  bv  tbe  svmbols  AcXl\  A  oombiaa- 
tioD  of  srmbols  is  called  a  formula  TLe  srmbals  of  a  formula.  t.akea 
br  titemaelTes.  do  not  stand  for  ar.r  denaite  quantity ;  each  is  one 
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factor  of  a  proportion.  Ag  means  the  inopurtion  of  107.93  parts  of 
silver  tu  tlio  piopurtions  of  llif  ol  liec  f  !ement3  representeil  by  the  other 
ayinbtils  whicii  may  he  counecteil  with  it. 

The  value  of  these  symbols  lios  not  only  in  the  compact  way  in 
which  the  resulting  formulse  present  the  composition  of  compounils, 
but  also  in  the  u.se  wliich  may  he  made  of  them  in  showing  at  a  glance 
the  details  of  a  cliemical  change.  The  chemical  action  just  mentioned 
appears  as  follows : 

NaCl  +  AgXO,  ->  AgCl  +  NaNO^ 

This  expression  contains  all  that  wns  conveyed  by  the  words  whicli 
were  written  out  in  full  above.  The  arrow  indicates  that  the  materials 
on  the  left-hand  side  pass,  in  the  chemical  transformation,  into  those 
on  ihe  right-hand  side.  Such  symlxjlic  expressions  are  called 
equatdoiis. 

One  other  variation  is  in  frequent  use.  If  we  could  make  pyrite 
(p.  42)  by  the  union  of  iron  and  sulphur,  we  should  retjuire  two 
atomic  weights  of  the  latter  to  one  of  the  former.  The  erjuation 
would  run  thus : 

Fc  +  2S  -»  FeSj. 

It  will  be  observed  that  we  employ  the  form  2S  before  combination 
and  Sj  (in  FeSj)  after  it.  The  reasons  for  this  usage  will  become  clear 
as  we  proceed.  We  note  simply  that  2S  means  2  separate  atomic 
weights  of  stdphur,  as  SFeS^  would*  mean  three  separate  formula- 
weightB  of  jiyritp.  The  same  xtihsfance  (ef.  p.  32),  sulphur,  might 
ajjpear  as  fiS  or  SS  in  nlber  equations,  according  to  the  proportion 
needed.  But  FeS,  is  a  group  of  three  atomic  weights  united  chemi- 
cally. The  .>iHf»tfiiitri'  pjjfitf  never  contains  anything  but  two  atomic 
weights  of  tlie  e/rinent  sulphur;  iind  its  formula  is  invarialde.  Thus 
the  rtijuhir  integers  nrultiplying  the  atomic  weights  in  the  composi- 
tion of  a  particular  i'utii]>ound  are  written  ufti-r  the  symbols  of  the 
elements,  while  uirue  arbitrary  factors  which  change  from  one  use  of 
the  substance  to  another  are  written  in  front. 

Wu  shall  find  later  lliat  Uiere  are  two  substaiicea  containing  nolliiiig  but 
oiyK'^u,  and  tliat  cRt'li  is  a  unmpuund  of  Ihe  element  wi[h  itself.  Tbe  inoieciilar 
foruuiliy  fi[  these  iwn  are  O^  (njcygen"!  and  O,  (ozune).  Thus  O  or  2<*  or  3<) 
wotilil  ;ill  l«  uscJ  fur  different  pr(i|>orU(ins  of  the  aubsianee  O,  if  such  a  aubsiiiw'e 
wiif^  known,  and  ()  would  l»e  nwd  fur  n  substance  made  of  oiypen,  but  difterpnt 
from  oxyfifii  <>r  on>ne.  Molfcnlar  fivniiuhe  will  not  be  employwi  here  until  after 
Avopndro's  liypoilif^is  lins  l:wn  dist'u.ssed.    Tlicy  will  then  Iw  UKod  cxclusividy. 

The  object  in  writing  n  series  of    formulie  in  the  above  manner  is  to  bIiow 
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thai  tk«  fyBtem  upon  the  teftr^aod  sHle.  «oivUaiiig  at  certain  solMimeea  wboee 
niMUnriiittnti  and  propeniee  kk  kaaw,  ia,  under  Uie  coadiljaaa  of  the  ctperiiunii. 
—-»■'*■**_  and  chaufes  into  the  syHem  Vfoa  the  ngfat-band  side,  vhuic  itatui« 
«c  abo  know.  The  ntaterialt  an  Uiv  two  rides  are  eeietitiaUf  litCerait,  fur  ihe 
traaaforMiatioiB  lejiReeoted  is  a  cbemical  oloRye.  It  is  lofltewbat  aaoiaaloas, 
Ifcliilina.  tfaac  to  connect  two  seta  of  thingi  whiefa  are  eenntially  diffleieai,  the 
ri^  —  la  aauallj  employed.  To  call  this  a  cAawiraf  equation  Is  still  more  aBoma.- 
lona.  aiaoe  it  is  preci^y  in  the  dieinical  puinl  ut  \  ie«  ilut  lUe  difference  between 
the  two  aides  ia  tnoet  «tit>ogly  to  be  eiufiLasizcd.  It  rejirviieiiu  two  sets  of  things 
wUch  are  diSerent  and  noi  aiike-  cLcmiiuiUy.  Tlie  [ilivskud  jirtipertjes  of  the  t«o 
jnta  of  aubsianceB  are  likewise  totally  unlike.  Tliere  is  only  one  respeot  in  whirh 
■utenala  oa  the  two  aidea  agree,  and  that  b  that  their  ntaas  it  not  diffcreat. 
is,  bowerer,  merely  an  example  ol  thie  law  of  oonserration  of  mauer,  and 
not,  thertefore.  be  specially  conunemoraied  in  the  fona  in  which  we  write 
eqnatlon.  It  may  be  a«umed  that  the  equality  in  mass  holds  for  all  chemi- 
nnti}  some  ca«e  where  It  does  not  hold  sfaaQ  have  been  discovered. 
"Abaii«  all  it  mnat  be  remembered  that  the  cboaical  equation  is  not  an  alg^hnde 
expRBsktB  ;  it  is  subject  10  none  of  the  rales  of  sl^bra.  It  ia  a  brief  ezpreatioa, 
ia  terae  of  the  coniblniog  weights,  of  the  distnbiitli>n  in  kind  and  quantity  of  the 
oanatiinents  ut  a  system  before  and  after  cbenticol  change. 

Makittff  Forutttltv  ttMil  KqtitiHaMx.  —  The  making  of  achemii-al 
equatioo,  it  is  iiee<lless  to  .vay,  involves  (It  a  knowledge  of  thf  ]>io- 
pottiod  of  the  eoustitiw'nU  in  t-ru-h  t-i'im[)Oui]d  iise<t  aud  protJiK-ed. 
These  are  a$<>Krlaiii«I  br  experimfnt,  and  are  at  first  stat«d  iii  ordindrr 
physical  units  of  weight.  We  require  (2 )  a  knowletlge  of  the  chemionl 
tutit  weigiitfi — the  atoiniu  weights — which  have  been  aci-epted  h\ 
aliMniirti'  for  earh  eleiuvnt  conV^enied,  since  the  proportion  is  to  be 
exprassed  ia  terms  of  th«  cheuiical  units  of  weight  proper  to  eaoh  ele- 
ment. By  factoring  the  terms  of  the  first  proportion  gotJiatone  factor 
in  each  case  is  the  atoniio  weight,  we  discover  whether  multiples  of 
kskontie  weights  will  be  re<juired  to  represent  the  coiui>o9itiou  of  the 
aad  if  so  what  the.se  must  be.     We  mav  then  iuttodure  the 

■bob  in  piaoe  of  the  atomic  weights,  aad  construct  the  foiwula  for 
ch  oompoond.  It  is  necessary  (3)  to  know  the  proportions  in  which 
the  Tarioufl  oompooiids  coooeraed  are  used  and  produced.  The^  t^re 
ns  the  mnltiples  of  each  fomuila  as  a  whole,  and  we  are  then  iu  pos- 
session of  everything  re>juired  to  make  the  equation. 

It  will  be  seen  that  not  all  of  tlieee  fa<-t8  are  independent  of  one 
another,  so  that  a  complete  inRa.'iiirein''Tit  of  everttliing  is  not  in  prac- 
tice reqaire<l.  Thus,  knowing  Uu*  total  nunilicr  of  atomic  weiglits  of 
oxygen  used  on  the  left-hand  side  of  «n  eqtiation,  we  see  from  the 
laws  of  the  eoascrvation  of  mass  and  matter  tU<«t  this  numtier  mnst 
appeared!  the  otlier.     80  that  if,  for  exiunple,  but  two  prodt'.-.'t.'!  are 
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formed,  and  only  one  of  them  contains  oxygen,  we  obtain  by  inference 
some  definite  information  about  the  fomposition  of  this  substance.  In 
other  words,  in  obtaining  the  cotnplel;e  information  needed  iu  making 
equations,  we  may  frequently  reduue  the  actual  work  of  measurement, 
and  reason  out  the  minimum  number  of  proportions  tliat  must  be 
measured,  by  a  careful  study  of  the  nature  of  each  change.  Then,  use 
of  the  law  just  mentioned  and  of  our  general  knowledge  of  the  nature 
of  the  action  will  enable  us  to  conaplete  the  equation.  It  will  be  seen 
St  once  that  since  we  ha%'e  no  means  of  knowing  a  priori  what  the 
proportions  in  the  resulting  compound  will  be,  if  we  make  an  experi- 
ment with  unmeasured  quantities  of  the  substance!",  we  must  lack  the 
data  for  making  the  formula.  It  is,  therefore,  absolutely  impossible  to 
construct  a  chemical  equation  unless  we  have  obtained  by  experiment 
and  by  inference  all  the  information  required  under  the  heads  enum- 
erated above.  Placing  the  symbols  of  the  elements  side  by  side,  for 
example,  does  not  suffice,  since  we  do  not  know  what  multiples  of  the 
atomic  weights  may  be  involved. 

Let  us  take  an  iictual  illustration  which  will  make  all  this  clear. 
Suppose  the  problem  is  to  make  the  formula  of  dried  rust  and  the 
equation  representing  its  productifiu  from  iron,  and  that  very  refined 
experimental  methods  are  not  used.  By  weighing  before  and  after  the 
change  we  get  the  weight  of  the  iron  and  of  the  corresponding  amount 
of  oxygen  in  the  rust  it  produces.  If  we  took  2  g,  of  iron  we  should 
get  about  2.8t>  g.  of  rust.     So  that  the  proportion  of  iron  to  OKygen  is 


—5--    The  atomic  weights  are  65,9  and  16  respectively. 

U.Ot) 


Since  these 


have  been  selected  30  as  to  conform  to  the  law  of  combining  weights 

ie  X  55  9 
(p.  48),  this  proportion  must   be  expressible  in  the   form T^n, 

X 

in  which  -  is  a  ratio  of  two  small  integers.     To  find  the  value  of  this 


ratio  we  have, 


from  which, 


X  X  55.9 

y  X  le.o 
2  X  160 


2 
0:86' 


y 


0.86  X  55.9  =  "'^^'''''^^"*1' 


W  from 

I  Substituting  these  values  for  x  and  y,  and  the  symbols  for  the  atomic 

I  2  X  Fe 

I  weights,  the  proportion  appears  as  ^— — j^  > 


and  the  forjnula  of  tli€ 


oompotmd  is  Fe,0^    We  petoeive  at  odc«  that  the  eqnatioa  most  he, 

2Fe  +  30  — Fe,0„ 

stnee  we  must  take  enotigfa  material  to  make  the  product.  In  thU  case 
oae  measarement  (the  ratio  of  iron  to  rust),  the  knowledge  of  the 
autmie  weights  (which,  of  coarse,  depend  npoa  the  experimental  work 
of  chemista),  and  the  law  of  conservation  of  mass,  constitute  the 
neoeasaty  and  sufficient  equipment  for  learuiug  all  about  the  change 
quaQtitatirely,  and,  therefore,  for  making  the  equation. 

When  more  than  two  constituents  make  np  a  compound,  the  same 
principle  is  used.  Thus,  if  we  find  a  substance  containing  27.09  per 
cent  of  sodium,  16.50  per  cent  of  nitrogen,  and  56,41  per  c«nt  of 
oxygen,  we  resolve  each  percentage  into  the  desired  factors  by  divid- 
ing it  by  the  corresponding  atomic  weight.  -  This  gires  us: 

PxscK^TAOi    At.  Wi.    Factoh  T'*nio    Btvbol*  -j-LiTl 

Sodinia,        27.09    -    23  05  x  1.175  or        Na  x  1.17&  N*  x  1 

Mtiogen,       18.W    =     U  (H  x  1.1T5  or        X     x  1.17S  N    x  1 

Oxygen,        66.41    ^    lU.uO  x  3.520  or       Ox  8.o26  0x3 

Kow  the  composition  of  all  known  compounds  can  be  expressed  by  tn- 
Ugral  multiples  of  the  atomic  weights.  We  must,  therefore,  find  the 
whole  Dumbera  which  stand  in  the  same  ratio  as  the  three  fractional 
factors.  We  may  divide  all  the  factors  by  1.175,  since  the  composi- 
tion of  the  compound  is  a  question  of  ratio  simply.  This  gives  the 
integral  numbers  1,  1,  and  3,  and  the  formula  NaNO^ 

It  is  hardly  necessary  to  add  that  a  chemical  equation  gives  the 
proportions  of  the  materials  and  nothing  more.  The  physical  condi- 
tions, for  example,  whether  the  substances  are  dissolved  in  a  liquid,  or 
are  in  the  state  of  gas,  or  are  at  a  high  temperature,  have  no  place  in 
it  Yet  it  is  absolutely  necessary  that  these  facts  should  be  known 
alaa  The  physical  properties  of  the  substances  concerned,  and  also 
the  energy  in  the  form  of  heat  or  electricity  which  may  appear  or  dis- 
appear in  the  process,  are  likewise  left  entirely  out.  A  question  in 
regard  to  the  nature  of  a  particular  chemical  change  demands  in 
answer  a  full  statement  of  all  these  things.  The  equation  is  therefore 
an  essential  part,  but  only  a  part,  of  such  a  statement. 

That  the  formolffi  uid  equations  cai>  deal  only  with  the  material  jjart  of  tbe 
undergoing  chsoge,  and  not  with  their  eneigy  (p.  26),  Is  shown  by  a 
aenl's  oondderaiion.     Consist^ocy  is  to  be  aecnred  only  by  holding  that  tlw 
abol  8.  whether  aJooe  or  combined  with  otben;.  stands  for  th«  matter-put  of  the 
Jpbur  (for  the  etemenc,  in  fftct,  see  p.  ^).    It  is  33  parts  by  wei^t  of  sulphur- 
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matter.  Only  in  tbis  way  does  it  iireserva  the  same  significiince  on  both  esEdes  of 
the  enuation  8  +  Oj  — t  SO,.  If  S  on  iho  lefc  aide  stood  for  the  free  mibstance  gui- 
phur,  theu  U  would  blaiid  for  Jsa  paru  of  sulpliurnialler  plus  the  appropriate 
tuuouut  of  fiierey.  Jb  tUia  case  tlie  S  on  ilie  rigUt  «ide  would  have  a  different  nig- 
niSciiliou,  aud  rtpreaeut  a  less  amoiint  of  energy.  This  is  only  the  beginning  of 
the  dittii'iilty,  for  we  tlieu  find  that  S  in  ir.SO,  represents  the  same  weight  of 
sulpiim-maller  with  still  another  proimrtioii  of  energy,  and  S  lias  as  many  inter- 
pretations a«  iht'ie  are  form uhu  in  whicli  it,  occurts.  Ctijiirly,  all  rtferences  to  fii- 
ergy  .shmdd  be  rigidly  excluded  from  eqaatioiis,  and  thurmochemieal  data  uan  never 
be  given  in  eoimection  with  them  without  complete  satrilice  of  consistency.  In 
this  book,  however,  the  habit  of  writing  thi'rniodiemiriil  equations,  being  universal, 
is  frequently  followed  when  thermoohemii^al  data  are  given. 

Unitit  of  Meamiremettt  in  Chei»ic»l  If'ni'k,  —  In  chemical  work 
teinperaturt's  are  invariably  nieitsurrtl  uii  the  (.'eistigrade  scale.  Tlie 
temperature  of  a  mixture  of  ice  and  water  is  the  zero  point.  The  tem- 
perature of  the  steam  wliich  rises  fruiu  water  l>oiliiig  uiitler  a  pressure 
^  of  one  atmosphere  is  I'epreseuted  by  100°.  The  interval  tjftweeu  those 
two  points  is  dividetl  into  one  htitidred  equal  parts. 

For  the  expression  of  length,  weight,  aud  volume,  the  metrie  system 
is  employed.  The  unit  of  this  system  is  the  meter,  which  is  stiMivided 
into  decimeters,  centimeter,?  (cm.),  and  millimeters  (mm.).  For  small 
measiiremeuts  the  last  subdivision  is  taken  as  the  unit.  A  cubic  centi- 
meter (e,(!.)  is  the  unit  of  volume  forainull  measurements.  For  larger 
ones  the  liter,  which  corittiins  1000  fuhic  centiuietera,  is  used.  The 
unit  of  weight  is  that  of  otie  cubic  centimeter  of  water  at  4°,  the  tern- 
perature  of  maximum  density.  This  is  called  the  gram.*  For  larger 
amounts  of  material  the  kilogram,  wliich  contains  ICMIO  grains  (1000  g.), 
is  frequeatly  employed.  The  meter  is  equal  to  alwut  39J|  inches  in 
ordinary  measures,  aiul  the  centimeter  is  very  nearly  J  of  an  inch. 
One  liter  is  about  ^  of  a  cubic  foot  and  contains  61  cubic  inches  or 
3o  fluid  ounces.  One  hundred  grams  is  about  3J  ounces  avoirdupois, 
and  one  ounce  equals  2S,35  grttnis. 

Caleitlntiotta  in  Cheuilatt'tf.  —  lu  the  laboratory  it  is  frequently 
desirabh.'  tliat  we  shuidd  know  what  amount  of  some  substance  may  be 
obtained  by  a  fj'^'i'"  <'!K'miral  action  from  another,  or  what  amount  of 
material  nuist  l>e  used  to  obtain  the  desiretl  amount  of  some  prnditct. 
This  information  is  readily  accessible,  since  measurements  of  quantity 

•  In  |iofnT  of  fact,  the  f^nm  in  thi"  oiie-thtiiisaiidth  jmrt  of  the  weight  of  the 
glAndntd  kllocratii  kept  in  Paris.  Tiits  differs  from  the  weight  of  1  c.c.  of  water  nt 
4"  by  less  thiiii  0.01  per  oent. 
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I  fionnection  with  moat  chemical  cliangea  are  on  record.  The  simplest 
and  most  easily  hamlled  fwm  of  this  record  is  found  in  the  forinuItL' 
of  f.ompojiiids,  and  in  the  eiiuatioiis  rein-e.HtMiting  the  changes  which 
they  uiidtTgo.  It  is  most  coiiveuieut,  therefon-,  when  a  question  of 
|this  kind  occiu'8,  to  ascertain  and  write  down,  first,  the  equation, 
laving  Uien  before  us  the  infomiation  in  regard  to  the  quantities  in 
\e  most  condensed  form,  we  jnay  use  suuli  parts  of  tiiis  information 
are  required  for  the  problem  in  hand. 

Suppose,  for  example,  that  the  question  is  in  regard  to  the  weight 
of  oxygen  which  may  be  obtained  from  120  g.  of  mercuric  oxide.  We 
write  down  the  equation,  and,  if  the  numbers  are  not  familiar  to  us, 
we  ascertain  the  atomic  weights.  These  we  place  then  below  the 
symbols  by  which  they  are  represented,  thus: 


I 


HgO 

200+18 


Hg4-  0 

2m      m 


m 


eading  this  equation,  it  appears  that  one  formula- weight,  or  216  parts 
weight,  of  mercuric  oxide  give  one  atomic  weight,  16  parts,  of  oxy- 
gen, and  the  question  is,  Wliat  weight  of  o.\vgeu  will  be  obtained  from 
120  grams  of  the  oxide  ?     The  answer  may  be  stated  by  simple  pro- 
ISO 
portion ;    216  :  16  : :  120  :  x,   or   16  x  7^-7;  =  Answer.      The   reader 

list  conquer  a  tendency  to  speak  of  the  symbol  O  as  representing  "1 
Tt"  of  oxygen  :  it  stands  for  16  piu-ts.     The  word  "part"  refers  to 
physical  unit^  exclusively. 

In  the  very  simplest  cases  it  might  not  seem  neeessaiy  to  write  out 
the  equation  as  a  preliminary  step,  but,  wherever  the  action  is  more 
complicated,  there  will  be  great  danger  of  errors  arising  if  this  is  not 
done.  It  will  be  noticed  that  not  all  the  data  whicli  we  have  written 
down  are  neeessarily  used.  In  general,  only  two  of  the  three  or  more 
■weights  which  the  equation  represents  will  be  required.  The  first 
thing  after  writing  down  the  equation  is  to  be  sure  that  the  question  is 
rought  into  relation  to  the  information  whieh  the  equation  gives,  and 
perfectly  understood.  Any  obscurity  on  this  point  is  sure  to  lead  to 
miscalculation. 


Mxerdses.  —  1.    What  weight  of  sulphur  is  contained  in  100  g, 
pf  pyrite  ? 

2.    WTiat  weight  of  rust  may  be  obtained  with  a  supply  of  10  g.  of 
rgen  ? 
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3.  How  much  silver  is  contained  in  100  g.  of  an  impure  specimen 
of  silver  chloride  which  is  33  per  cent  sand  ? 

4.  What  are  the  formulae  of  the  substances  possessing  the  follow- 
ing percentage  compositions  ? 


Magneslam,     26.67 
Chlorine,         74.43 


Sodium,  82.43 
Sulphur,  22.66 
Oxygen,    46.02 


in 

Potassium,  26.686 

Chromium,  36.390 

Oxygen,  38.026 


5.   What  are  the  percentage  compositions  of  substances 
ing  the  following  formulse  ?  Mn,0«,  KBr,  FeSO«. 


CHAPTER  V 


OXTOBIf 


MtttoHeai  and  Inir^duetot^,  —  Almost  one-quarter  of  the  at- 
mosphere, by  weight,  is  free  oxygen.  Water  conUins  nearly  89  per  cent 
of  oxygen  in  combination,  and  this  element  constitotes  about  oO  per 
eent  of  oonunon  materials  like  sandstone,  limestooe,  brick,  and  mortar. 
On  aooooat  of  its  predominance  over  other  elements  in  qnantity,  and 
the  exoeptiona]  capacity  which  it  exhibits  for  forming  compounds  with 
a  great  rariety  of  other  elements,  the  systematic  study  of  chemistry 
may  eonvmieotly  be  began  with  oxygen. 

While  many  ekntents  which  are  less  easily  obtainable  than  oxygen 
hare  been  reeogniaed  as  distinct  substances  for  many  centimes,  oxygen 
did  not  attain  this  position  until  it  mas 
first  prepared  by  Priestley  in  1774. 
The  icasoD  of  this  was  that  gases  are 
not  so  easy  to  baadle  and  disttnguisb  as 
sdlids  or  Uqiuda^  and  oonseqiieiitly  rery 
slow  progren  was  made  in  the  study  of 
Pri^Akj  was  particolarly  la- 
in ■^«— '"'"g  the  nature  of  the 
1  wbidi  were  erolTed  by  some  ma- 
tenala  wImb  kwtod.  His  plan  was  to 
fin  aa  doagated  gbaa  Teasel  with 
(Fig.  19);  to  invert  Aia  ia  a 
fiUod  with  tbe  aane  metal,  and, 
after  allowing  the  safastaaee  nnder  ex- 
■~""*~~  to  float  ap  into  the  top  of  the 
tabe  ahote  Ab  maceaiT,  to  expoae  it  to 
tte  aye  of  tiw  ean  roooeotiated  by  a  large  baraing  leas. 
Anad  lliii  lawi  mitniil.  then  knova  aa  '^mtnmriiu  tmUimatma  fer  mt" 
{mmxmat  eaodeX  gare  off  an  onaaaal  amooat  of  a  gaa,  or  "air"  as  ht 
ailed  it.  He  fomid  that  this  gaa  sapyorted  coasbastioB  aattuaely  well 
il  eii  iniiiinMii  ind  fiionhlf  In  thr  lift  nf  maill  sni 


m  w 


Priestley 


He  did  not,  boawvcr,  lerogaise  dmt 
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ail'  w;i3  a  DiixtiiTG,  and  that  the  substance  he  had  obtained  was  in  realitj 
idejiticiil  will)  tiiHt  i;umpu)ient  of  tlie  air  wliic.h  lias  the  same  jnopeilies, 
Siumltaueously  witli  I'riestley's  work,  Seheele  in  Sweden  had  been 
working  iu  much  the  sanie  way,  and  had  obtained  the  sajne  gas  from 
iiil;ei-,  niereurio  oxiile,  and  otlier  substances,  publication  of  his  results 
being  delayed,  however,  until  1777. 

Meanwhile  Lavoisier,  in  Paris,  who  had  been  studying  the  rusting 
of  metals  in  the  air,  heard  of  Priestley's  experiments,  and  deinonatratrd 
that  the  lalter's  "good  air"  was  really  a  constituent  of  common  air, 
and  tond)it)tMl  with  metals  when  they  formed  rusts,  or  "  calces,"  as 
they  were  then  called.  He  proved  this  condusively  by  heating  mer- 
cury in  the  retort  shown  in  Fig.  20.     The  apparatus  wa.'S  arranged  in 

such  a  way  that  a  definite  vol- 
ume of  air  was  inclosed,  within 
the  bell-jar  and  the  retort,  by 
the  larger  quantity  of  mercury 
which  filled  the  trough.  During 
the  heating  of  the  mercury  in 
the  retort,  the  familiar  red 
jiowder  (mercuric  oxide)  was 
formed  on  its  surface,  and  sim- 
ultaneously the  volume  of  air 
diminished,  until  after  twelve 
daj^s  lx>th  of  these  changes 
ceased.  The  air  had  suffered 
a. shrinkage  equal  to  about  one-fifth  of  ita  volume,  and  an  easily  weigh- 
ahle  quantity  of  tlie  oxide  had  been  obtained.  The  gaa  which  remained 
had  lost  the  power  of  supporting  combilstion  and  life,  and  hence  was 
namt^d  by  Lavoisier  "aiiote"  (Gk.  a  priv.  and  ^tuij,  life).  Iu  English  it 
is  called  nitrogen.  The  oxide  on  lieing  heated  more  strongly  by  itself 
gave  off  a  gas  who.se  volume  exactly  corresponded  with  the  shrinkage 
undergone  by  tlie  inclo.sed  air,  and  this  gas  posses.sed  in  an  exaggerated 
degree  the  projierties  which  the  air  had  lost.  The  proof  that  oxygen 
was  a  constituent  of  the  atsnosphcro  ■was  therefore  complete.  Lavoisier 
named  the  new  element  oxygen,  or  acid-producer  (Gk.  6ivi  an  acid,  ytwav 
to  produce),  fi-oni  the  fact  that  the  compounds  formed  by  its  union  with 
many  elements  gave  acid  (sour-tasting)  solutions  when  they  were  mixed 
with  water.  Pavendish  pointed  out  ahno.st  immediately  that  there 
were  sour-tasting  sulistances  whifJi  contained  no  oxygen,  so  that  the 
name  lias  no  longer  any  significance. 


i 


OXYGEN  03 

FrefMnUioH  of  Simple  SulmtfiiictH.  — There  are  two  geueiaJ 
ways  of  obtaining  siuijjle  substances.  If  the  element  occurs  iincotn- 
biued  in  nature,  aa  sulijhur  and  gold  do,  it  is  only  necessary  to  free  it 
from  foreign  materials  (impurities)  with  which  it  ia  niixetL  If  no  such 
supply  exists,  or  if  the  purification  is  difficult,  then  some  compound, 
natural  or  artificial,  ia  decomposed. 

The  decomposition,  in  turn,  may  be  effected  in  two  ways.  The 
compound  may  be  forced  apart  by  the  application  of  energy,  usually 
in  the  form  of  heat  or  electricity,  as  in  Priestley's  experiments  (rf.  pjx 
l'J-21).  Or  the  desired  constituent  may  be  liljcratcd  by  olTeritig  to  the 
other  constituents  some  substance  with  which  they  will  unite  (see 
Pre[>aration  of  hydrogen).  "When  oxygen  is  to  be  liberated,  the  fonuer 
is  the  more  eas;ily  applicable  plan. 

In  selecting  our  source,  we  are  naturally  itiflueneed  by  the  cost  of 
the  material,  as  well  as  by  the  ease  of  the  prociiss.  Thus,  gold  oxide 
yields  oxygen  by  the  application  of  veiy  little  heat,  but  it  is  extremely 
expensive.  Quicklime  is  veiy  cheap,  but  does  not  give  up  its  oxygen 
even  at  the  temperature  of  the  electric  arc, 

Preparation  of  Oxyyen.  —  1.  Oxygen  may  be  separated  from 
tie  other  substances  mixed  with  it  in  the  atmosjdieve  by  liquefying 
the  air  (see  Liquid  air),  allowing  the  nitrogen,  which  ia  more  volatile, 
to  escape,  and  finally  compressing  into  tanks  the  oxygen  which  evaj>- 
orates  last.     This  is  a  purely  mechanical  process. 

2.  There  are  many  compounds  which,  when  heated  to  temperatures 
nnder  20OIF  sucli  as  we  can  obtain  with  the  aid  of  a  Hunseu  burner,  a 
coal  fire,  or  a  blast-lamp,  give  up  their  oxygen.  Some  of  them  are 
minerals,  but  most  of  them  are  mauufactured  articles.  Of  the  min- 
erals, pyrolusite  (mangane.se  liioxide,  MnOj)  is  an  example.  It  usually 
contains  the  elements  of  water  also,  and  hence  moisture  is  evolved  at 
the  same  time.  A  substance  identical  with  the  mineral  hausmannite 
(>ln,0,)  regains.  Amongst  the  artificial  aoiu-ces  arc  mercuric  oxide, 
expensive,  but  historically  interesting  (p.  12);  barium  peroxide,  used 
in  manufacturing  oxygen  on  a  large  scale  (Briti's  process) ;  and  potas- 
sium chlorate,  the  most  convenient  for  laboratory  use.  Many  other 
substances  of  this  class  will  be  encountered  in  the  sequel. 

Brln'a  Oxygen  Prooesa  Starts  from  barium  oxide  (y.f,),  Barium 
oxide  BaO  closely  resembles  cjui<5klime  CaO,  but  differa  from  this  sub- 
stance ill  the  fact  that  when  heated  in  air  to  about  SOO*",  it  rapidly 
iu^a^jxvg^tand  gives  barium  poroxide.     WJicn  barium 
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peroxide  is  raised  to  a  yet  liigUer  temperature,  this  extra  oxygen  is 
given  up  again.  Barium  oxide  contains  one  chemical  unit  weight 
each  of  the  two  constituents  and  takes  up  another  of  oKygen,  so  that 
the  equation  for  the  primary  action  is : 

BaO  +  0  ->  BaO,. 

The  subsequent  decomposition  of  the  peroxide,  during  the  Stage  in 
which  the  oxygen  is  made,  is  the  exact  opposite:  BaO,  -^  BaO  -f  0.* 
The  commercial  advantage  of  the  method  lies  in  the  fact  that  the 
barium  oxide  remaining  after  the  second  stage  can  be  used  over  and 
over  again.  This,  as  will  be  seen,  is  in  reality  a  chemical  method  of 
obtaining  oxygen  from  the  air. 

In  practice  an  improvement  on  the  above  principle  makes  worlcing 
more  economical.  It  is  found  that  if  the  barium  oxide  is  maintained 
at  a  temperature  of  700°,  intermediate  between  the  two  just  mentioned, 
oxygen  is  absorbed  when  air  is  forced  uuder  pressure  into  the  tubes 
containing  the  oxide.  A  valve  at  the  extremity  of  tlie  tubes  permits 
the  escape  of  the  nitrogen.  When  the  combination  with  oxygen  is 
completed,  the  pumping  apparatus  is  reversed,  and,  a  partial  vacuum 
l>eiug  created,  the  oxygen  in  combination  is  given  off  without  any 
alteration  in  temperature  being  necessary.  Thus  a  great  waste  of  fuel 
is  avoided,  and  the  process  is  rendered  more  nearly  continuous.  This 
metbod  furnishes  oxygen  about  96  per  cent  pure,  and  suitable  for  sale 
in  compressed  form  in  cylinders. 

Potassium  Chlorate  ('/.t^)  is  a  white  crystalline  substance  used  in 
large  quantities  in  the  manufacture  of  matches  and  fireworks.  When 
heated  to  a  moderately  high  temperature  in  a  tube  similar  to  that  in 
Fig.  5,  it  gives  off  a  very  large  volume  of  oxygen.  Examination  shows 
that  the  whole  of  the  oxygen  it  contains  can  be  driven  out.  The  white 
material  which  remains  after  the  beating  is  identical  with  the  mineral 
sylvite.  To  the  chemist  it  is  known  as  potassium  chloride,  and,  when 
decomposed,  it  yields  one  atomic  weight  each  of  potassium  and  chlo- 
rme.  Its  formula  is  thus  KCl.  We  may  infer,  therefore,  that  the 
composition  of  the  original  substance  will  be  representable  by  the  for- 
mula KCIO^,  where  «  is  the  number  of  atomic  weights  of  oxygen. 
^^       Measurement  and  calculation  show  x  =  3.     The  formula  is  therefore 

^^       tloi 


*  In  cnseH  where  an  action  ia  reversible,  nnd  the  direction  depeoda  on  condi- 
tions wbicb  ma;  be  altered,  we  write  both  equations  in  one : 

BftO  4-  O  ;=i  BaO,. 


KC10|,  and  tlie  equation  for  the  decompoaition  (see  also  under  Chlo- 
rates) : 

KCIO,  —  KCl  +  30. 

To  learn  the  vaJueof  z,  we  ajscertajn  the  Ioms  Id  weight  (—  oxygea)  «li)cb& 
fcnowD  quantity  of  potassium  clilorate  suHiaitiii  wtteo  heatttd  iu  u  hard  glass  tube 
doMd  at  one  etjcl.  By  subiractiou  we  get  the  weight  of  potasuium  chloride  for* 
nefrly  combiaed  with  the  oxygen.     In  an  actual  experiiueui,  '2.WH  g.  of  puttusHiutn 

rata  g»T«  1.169  g.  of  oxygon  and  left  1.81S9  g,  of  the  chloride,  The  ntnmic 
t8  of  polftSBiuin  iuid  clilodue  are  31).  15  aad  Sb.ih  respectively,  and  the 
formul»'weight  ol  the  cliloride  is  tUerefora  74. Q.  Dividiug  the  measured  weit;ht« 
ot  oxygen  and  potassium  chloride  by  the  correnponding  atomic  and  formula  weights 
(</.  p.  67)  respeciively :  1.109  -^  Ifl  -  O.OTaiXf  and  1.839  -^  74.6  -  0.024  J2.  We 
observe  that  the  ratio  of  the  quotients  is  2,08  :  1,  ur  almost  exactly  S :  1.  The 
(ormula  \»  therefore  O x 3,  <KCI)  x  1,  or  KCiOg. 

A  peculiarity  of  this  action  is  that  admixture  of  manganese  dioxide 
increases  very  markedly  the  speed  with  which  the  decomposition  of 
the  potusaiuiu  chlorate  takes  place.     Hence,  iu  its  presence,  and  it  is 


generally  mixed  with  the  chlorate  in  laboratory  experiments  (Pig.  21), 
a  sufficient  Gtreani  of  the  gaa  is  obtained  at  a  relatively  lour  tempera^ 
ture  (below  liCMP).  Without  it  no  oxygen  is  evolved  at  all  until  the 
chlorate  inelts  (351°).  The  dioxide  does  not  begin  to  lo«e  oxygen 
below  400°,  and  therefore  is  not  itself  permanently  changed  in  any 
way  when  used  for  this  purpose. 


FamillarUif  with  PMffHe*  ReqtUrmd  In  the  Studv  of  CTtgwi- 
Mry, —  In  mentioniug  cbanical  phenomena,  it  is  loeviuble  that  caaMetaSiou* 
of  ipaca  abould  limit  oar  •tstementt  to  Ibe  inere«t  imlicauon  «f  the  proct- «  an-' 
tbe  bfieleat  record  oT  the  ctiemieal  reeolt.    Tbe  prodigiou  diapcoportion  hetw 
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ihe  nseagerriess  of  thja  fi'agmmit  iiticl  Ihe  mass  of  detail  nhii'li  lies  behind  it  in  each 
case  sliould  be  eonstiuitly  befure  tlie  mind  of  Llie  reader,  Tlit  buok  gives  empiri- 
cal knowledge,  Uie  laboraLory  work  and  the  discussion  of  h  furuiah  Ibe  only  real 
knowledge.  The  eiteul  and  nature  of  lliis  real  knowledge  may  be  shown  in  con- 
iiecLion  wilh  any  action.  As  an  illustration  we  iiiny  point  out  some  of  Uie  prob- 
lems which  the  beating  of  potassium  ctdorate  preseuLs  to  one  who  is  trying  to 
acquire  an  intelligent  acquaiataiiceship  with  its  cbomistry,  euid  has  nut  previoualy 
dune  the  experiment. 

Kir8l,  the  substance  melts.  It  must  be  realized  that  this  is  a  common  occur- 
rence which  does  not  necessMily  imply  any  profound  change,  and  may  ho  reversed 
by  cooling,  Lat«ir,  the  liquid  appears  to  boil,  and  the  properlleii  of  a  boiling  sub- 
stunce  muHt  Ije  known.  If  the  observer  has  been  luforuied  in  advance  that  the 
body  Is  homogeneous,  he  must  know  tliat,  if  it  is  simply  boilhig,  it  will  evaporate 
completely  and  leave  nolhing  bi'himl,  and  ihat  tho  tt-mperature  rt'<)uircd  to  a<-.hieve 
this  will  remniii  constant  from  Liio  hi-giiniiiig  tn  tUs?  end.  lu  order,  tbereforo,  lo 
bucouie  aware  ot  the  fact  that  here  decomposition  is  Laknig  place,  be  mnat  nol«  the 
ways  in  wbicli  lliu  deoompusition  of  pitUussium  chlorate  differs  from  ordinary  boil- 
ing. For  example,  if  it  were  a  ease  of  boiling,  he  should  expect  to  find  the  solid 
body  condensing  on  the  sides  of  the  tubes,  and  note  the  fact  that  no  such  conden- 
Botion  ii  observed,  with  the  appropriate  inferences.  I{e  should  observe  tliat,  la 
the  later  stages  at  least,  the  agitjition  of  the  liquid  does  not  cea-se  when  the  tliuae 
is  removed,  although  this  would  undoubiedly  occur  in  a  caeo  of  Himple  boiling, 
lie  must  fuitUer  observe  the  chsiiiges  in  the  conaislency  of  Llie  material  and  ttie 
way  in  which  it  finally  becomes  thick  and  may  even  solidify.  Even  the  most  ex- 
perienced investigator  would  have  to  make  many  careful  esperimcnts  befoi-e  ha 
could  definitely  classify  the  nature  of  tlio  phenomenon  being  olMservefl.  The  first 
inference  would  probably  be  that  tlie  phenomenon  was  certainly  not  one  ot  mere 
ebullition.  In  some  ways  it  is  like  the  evaporation  of  a  solution,  obliiiued,  say, 
by  the  melting  of  aaiihstanco  in  its  own  water  of  crystallizaiion.  Yet,  thia  hypoth- 
esis would  not  explain  lo  the  thougbtfid  observer  even  the  more  obvious  features 
of  the  phenomenon,  for  the  liquid  which  was  acting  as  a  solvent  would  have  to  be 
amazingly  volaiilo  if  the  absence  of  any  condensation  ou  the  walls  of  the  tube  was 
to  he  accoiuited  for. 

The  illustrntion  need  not  be  elaborated  f  urtlier.  Tliese  remarks  are  sufficient  to 
show  that  even  the  simplest  experiment  presents  au  almost  !imit.les.i  field  for  the 
discussion  of  importnnt  questiouK  which  are  more  or  le«s  common  to  all  chemical 
phenomena.  It  must  i>e  noted,  also,  that  cliemieal  ciiange  is  in  itself  uot  percept- 
ible by  tlie  senaes,  and  that  only  physical  properties  and  physical  phenomena  are 
observed  {qf.  pp.  3U-40).  The  chemical  ftic.is,  such  as  the  general  aatum  ot  the 
change,  the  cunditioiis  mider  which,  and  the  facility  with  which  it  occurs,  are 
rcacbeil  solely  by  inference.  Tlio  almve  example  shows  the  ready  and  lliorongh 
knowledge  of  physics  which  must  be  at  the  command  of  every  iiidividuiil  effort  to 
study  even  the  simplent  eheniical  plicnonienon.  ft  is  only  when  the  physics  as 
well  as  the  chemistry  of  the  change  have  been  mastered  that  the  '■•  real  knowledge  " 
to  which  reference  was  made  above  has  been  gained. 

PhtffUfftl  Pfopertlea  of  OjefiyvH. — Oxygen,  a-s  a  gus,  resembles 
air  in  Lieitig  culoricss,  tasteless,  anil  odoi'less.     It  is  slightly  heavier 
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thau  air;  its  density,  using  the  physical  standard  of  air  =  1,  is  1,106. 
TLe  chemist  often  uses  hydrogen  as  his  standardj  and  oxygen  is 
lo.ltOO  times  (Morley)  as  heavy.  One  liter  of  oxygen,  at  0°  ami  760 
mm.  Liiioiuetrii;  pressure,  weiglis  1.4i;9(K(  grams  (Morley).  The  gas 
dissolves  to  some  extent  in  water,  the  solubility  at  0°  being  four  vol- 
umes uf  giis  in  one  hundred  volumes  of  water  (at  20",  3:100).  The 
critical  temperature  ('/.i'.)  of  oxygen  is  —  118''  C.  At  that  tempera- 
ture, fifty  atmospheres  pressure  is  required  to  liquefy  it.  Liquid 
oxygen,  which  was  first  made  by  Wroblewski,  has  a  pale-blue  color, 
and  boils  under  one  atmosphere  at  — 182.5''.  Its  apecifio  gravity  at 
—  182.5^  is  1.13  (water  =  1) :  tliat  is  to  say,  1  c.e.  weighs  1 .13  g.  By 
cooling  with  a  jet  of  liquid  hydrogen,  Dewar  frfjze  the  liquid  to  a 
snow-like,  pale-bluish  solid.     The  magnetic  properties  of  the  element 

;^re  cle-arly  shown  by  the  force  with  which  a  tube  of  liquid  oxygen  ia 

"^tttracted  bj-  a  magnet. 

Speetfte  Chemical  Properties.  —  Under  this  head  we  describe 
the  chemical  liehavior  of  a  substance,  enumerating  the  other  sub- 
stances, simple  or  compound,  with  whir-h  it  unites  or  interacts  (p.  14), 
stating  the  conditions  peculiar  to  each  action,  and  estimating  the 
intensity  of  the  tendency  to  chemical  change  in  each  case.  In  the 
case  of  a  simple  substance  like  oxygen  we  note  particularly  with  how 
many  of  the  other  element.^  it  can  form  compounds,  Iww  far  it  unites 
with  them  directly,  and  in  how  many  cases  the  compounds  have  to  be 
made  by  indirect  means.  In  general,  we  call  those  simple  substances 
active  which  imite  with  many  other  simple  substances  and  do  so  by 
direct  union.  Oxygen,  for  example,  is  active,  and  nitrogen  ('/.('.)  is 
relatively  inert.  Tlie  intensity  of  a  chemical  action  is  judged  by  its 
specil,  by  the  electricity  it  can  generate,  or,  roughly,  by  the  heat  evolved 
during  its  progress  (p.  28). 

Chemical  Prnperfien  nf  Orfigt^n.  —  Sulphur,  when  raised  in 
adviuice  to  the  temperature  necessary  to  start  the  action,  unites  vigor- 
ously with  oxygen  (Fig.  22),  giviug  out  much  heat  and  producing  a 
familiar  gas  having  a  pungent  odor  (sulphur  dioxide).  This  odor  is 
frequently  spoken  of  aa  the  "  smell  of  sulphur,"  but  in  reality  sulphur 
itself  ha-s  no  odor,  .and  neither  lia.s  oxygen.  The  odor  ia  peculiar  to 
the  compound  of  the  two.  It  may  be  added  that  the  mode  of  experi- 
mentation can  Iw  changed  and  the  oxygen  led  into  sulphur  vapor 
through  a  iulic.  The  former  then  appears  to  burn  with  a  bright 
flame,  giving  the  same  product  as  iHifore, 
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Warm  phosphorus  combines  with  oxygen  with  even  greater  vigor, 
and  forms  a  white,  powdery,  solid  oompound  (pliospiiono  anhydride), 
which  absorbs  moisture  from  the  aqueous  vapor  in  the  air  and  quiekly 
forms  a  solution  in  this  water.     In  both  these  cases  the  products  differ 

from  oxygen,  not  only  in  odor  and 
in  being  a  gas  and  a  solid,  respec* 
tively,  but  notably  in  that,  when 
shaken  with  water,  they  dissolve 
and  interact  to  form  acids  (see 
below). 

Burning  carbon,  in  the  form  of 
charcoal,  when  plunged  into  the  gas, 
glows  miR^h  more  brightly  than  m 
ordinary  air.  In  this  ease  the  pro- 
duct is  a  gas  (carbon  dioxide). 
When  this  gas  is  shaken  with 
"  lime-water,"  a  solution  of  calcium 
hydroxide  C'a(OH),  (y.f.),  a  white 
precipitate  of  calcium  carbonate 
CaCOj  is  formed. 

Finally,  metallic  iron,  which  is 
simply  rusted  by  air  (diluted  oxy- 
gen), burns  in  pure  oxygen  with 
surprising  brilliancy.  Globules  of 
a,  molten  product  fall  from  the  iron, 
and  when  tliey  have  cooled  are 
found  to  consist  of  a  dark-gray 
recogni/e  as  identical  with  biacksmith's 


well-known  ore  of  iron  (magnetic  oxide  of 


brittle   material,  which  we 
hamuier-scale,  and  with  a 
iron). 

Experiments  like  the  above  with  the  whole  series  of  simple  sub- 
stances would  show  that  oxygen  unites  in  a  similar  way  with  nearly 
every  member  of  the  list,  and  often,  though  not  always,  with  the  same 
vigor  as  in  the  case  of  these  examples.  In  the  case  of  one  or  two 
elements,  such  as  gold  and  platinum,  the  compounds  are  obtainable  by 
double  decomposition,  and  not  directly.  With  the  five  members  of  the 
helium  group,  of  which  no  chemical  componnds  are  known,  and  with 
fluorine,  oxygen  does  not  combine.  These  three  sentences  summarize 
the  chemical  properties  of  oxygen. 

Oxygen  can  unite  with  many  of  the  same  elements  when  they  are 
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already  in  combination.  Wood,  for  example,  is  composed  of  carbon 
and  hydiogen,  with  a  pertain  amount  of  oxygen.  When  previously 
heated,  it  is  decomposed,  and  the  constituents  unite  vnth  oxygen  form- 
ing carbon  dioxide  and  water. 

The  Makinff  of  Eqtiationtt  Again,  —  To  learn  the  exact  nature 
of  interactions  like  those  used  as  illustrations  above,  quantitative  ex- 
periments must  of  course  be  made  and  the  usual  method  employed  to 
obtain  the  formula  of  the  products.  Thus,  for  example,  a  known 
weight  of  sul- 
phur is  placed  in 
a  porcelain  boat 
(Fig.  23),  which 
has  already  been 
weighed.  The 
(j-shajjed  tube  to 
the  right  Don- 
tains  a  solution 
of  potassium  hy- 
droxide which  is  capable  of  absorbing  the  resulting  gas.  The  oxygen 
enters   from  the  left.     When  the  sulphur  is  heated,  it  burns  in  the 

rxygen,  and  the  loss  in  weight  which  the  boat  undergoes  shows  the 

ount   of  sulphur  consumed.     The  gain    in   weight  of  the   (j-tube 

shows  the  weight  of  the  compound  produced.     By  subtracting   from 

is  weight  that  of  the  sulphur,  we  get  the  quantity  of  oxygen.     The 

oportion  of  the  constituents  and  the  steps  in  the  calculation  are  as 

oUows ; 

Pkscestaoe*  At.  Wt,        Factor  -^1.581 

Snlphar,         60.0G  *     -        32.08     x     1.581       -      S  >:  \M\        S  x  1 
Oxygen,  40.05        =        ItJ.OO    x     3.122      -      Ox  3.122       O  x  2 

The  formula  of  the  product  is  therefore  SO,  and  the  equation  8  +  20 

Similarly,  phosphoric  anhydride  may  lie  shown  to  have  the  for- 
mula P,Oj,  carbon  dioxide  COj,  and  magnetic  oxide  of  iron  Fe,0,. 

The  results  given  by  Ihe  above  experiment  are  UBnnlly  inexnct.     Tbe  tendeucy 
the  formation  of  aulpliur  trtoxide,  ofleu  lieighti'Ded  by  catalytic  action  (see 

•  Here  the  percentages  are  employed.  Tlie  actaal  weigdts  found  in  one  eiperl- 
nvent,  however,  mi»y  be  divided  by  llie  atoiaJo  weights  and  the  same  result  obtained 
(p.  96),    lu  fact,  an;  two  nmubers  bearing  the  proper  ratio  to  one  another  may  be 
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below)  af  Uut  porcelaiu  oF  the  buat,  raises  abuormally  llie  projiortioii  o(  ozyge 
Ttio  principle  uf  tliu  experiuiuia  is  easy  lo  umlersuiul,  liowcver. 

In  the  cii»Ei  of  ptio»pliurus  a  similar  plnn  of  expcriuieut  may  be  used,  tiistuail  of 
aH*!inptiiig  to  receive  tlie  Bolid  product  in  a  U-tube,  liowever,  it  iiiust  be  caugbi  by 
a  plug  oi  gla^H  wool  ia  ibe  nialu  tubti  of  liard  glss-s,  and  a  drying  tube  will  be 
needed  at,  the  end  to  prevent  admiHsiou  of  moisture  from  the  air.  The  increase  io 
weight  of  tite  bard  glass  tube  represents  the  o,vygeu  taken  up.  Care  and  leisurely 
performance  are  needed  to  make  tbe  experiment  BuecfKiiful. 

The  measurement  of  the  corapositioii  of  carbon  dioxide  •  gives  t!ie  most  exact 
results  when  carefidly  uoiiducted.  The  data  and  working  in  these  ctises  and  in 
that  iif  iron  are  as  follows : 


pKBrnxTAtm 

AT.  Wt. 

F.ICTOK 

~    -TO* 

PhospiioriLs, 

43.  (KJ 

» 

;n.o 

X 

1.408 

I'  X  2 

Oxygen, 

6(i,34 

= 

llJ.0 

X 

3,521 

O  X  6 
-^  2.272 

Carbon, 

27.27 

= 

12,0 

X 

2.272 

c  xi    4 

Oxygen, 

72.72 

^ 

1S.0 

X 

4.54& 

0x2      1 

-=-0.431 

Iron, 

72.38 

^ 

66.9 

X 

1.2% 

Fe  X  3     J 

Oxygen, 

27.62 

- 

10-0 

X 

1.720 

0x4      1 

4 

1 
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The  density  of  the  VafKjr  of  phosphorie  aijhydride  leaila  to  the  formula  P,0,j, 
hilt,  as  the  substance  in  never  used  as  a  gas,  the  simpler  formula  is  generally 
preferred. 
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Oxldeg, —  Substances  containing  one  element  in  combination  with 
oxygen  are  called  oxides,  and  processes  like  those  described  alx)ve  are 
called  oxidizing  proceHses,  or  ozidatianB.  Wlien  the  sanie  element 
forni.s  more  than  one  oxide,  the  names  of  the  oxides  indicate  the  differ- 
ing proportions.  Thvis  we  have  barium  oxide  (or  monoxide)  BaO,  and 
baiiuni  peroxide  (<»r  dioxide)  BaO,,  magnetic  oxide  of  iron  F&jOj,  fer- 
roiia  oxide  FeO,  and  ferric  oxide  Fe^t),.  In  cases  like  the  two  last 
the  terminations  -oits  and  -Ic  applied  to  the  metal  correspond  to  the 
smaller  and  larger  proportions  of  oj^j/ijfii,  respectively,  which  the  metal 
is  aide  to  hold  in  combination.  ^Oxides  of  the  form  Fe,0,  are  often 
called  se.sqnioxitles  because  they  contain  oth'  mid  a  huff  (Lat.  sesiiui; 
one-half  more)  unit  weights  of  oxygen  to  each  one  of  iron. 

Many  oxides,  like  those  of  iron,  are  quite  indifferent  to  water,  but 
others,  like  those  of  siilpbur  and  phosphorus,  interact  with  it  (see 
under  Water),  Some  give  aotu*  solutions,  containing  acids  dissolved  ia 
the  excess  of  water.  Such  solutions  turn  blue  litmus,  a  vegetable  dye, 
red.     Others  give  solutions  with  a  taste  like  soap  or  borax,  and  here 

•  Described  in  the  author's  LaboratoTy  Oidline  of  General  Chtmittri/. 
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Uie  dissolved  sulistaae^  is  called  a.  base  {'i.i'-),  auil  turus  lituius  blue. 
Xliiui  siilpbur  dioxide  aud  phospiioric  anhydride  give  sulphurous  acid 
and  phosphoric  auld  respectively : 


• 


H,0 

aiijo 


H,SO, 


If  the  product,  to  whichever  class  it  belongs,  is  not  volatile,  it  may  he 
obtained  by  evapoiating  the  excess  of  water.  lu  the  case  of  sulphur- 
ous acid  the  above  action  is  reversed  by  evaporation  ami  the  sulphur 
dioxide  and  water  both  pass  off;  iu  that  of  phosphoric  aoid,  the  white 
crystalline  acid  is  obtained.  Iu  consequence  of  their  relation  to  the 
acid,  differing  from  it  in  nut  containing  the  elementa  of  water,  these 
oxides  are  often  called  aohydridee. 

The  discussion  of  the  formation  and  proi»rtie8  of  ozone  ('/.t'.)t 
which  is  an  oxide  of  oxygen,  cannot  be  taken  up  until  we  are  in  pos- 
session of  the  means  of  understaudiog  the  difference  between  the  two 
sabBtanceg, 

ComtHiHtloH,  —  Since  oxygen  is  a  component  of  the  atmosphere, 
chemical  actions  in  which  it  plays  a  part  are  famitiar  in  daily  life. 
Violent  union  with  oxygen  is  call«l  iu  popular  language  oombuation 
or  turning.  Yet  since  oxygen  is  only  one  of  many  gaseous  substances 
known  to  the  chemist,  and  similar  vigorous  interactions  with  these 
gaMa  are  common,  the  term  has  no  scientific  significance.  The  union 
of  iron  and  sulphur,  even,  gives  out  light  and  heat,  and  is  quite  simi- 

in  the  chemical  point  of  view  to  combustion. 

In  connection  with  this,  however,  it  may  be  worth  while  to  notice 
the  distinction  between  combustible  and  incombustible  substances. 
Things  which  are  incombustible,  using  the  term  in  its  popidar  sense, 
may  be  divided  into  two  classes.  There  are  those  substances  which 
Iready  contain  all  the  oxygen  which  they  can  hold  in  combination. 
Juch  are  the  oxide.^  whose  formation  we  observed  in  the  experiments 
described  above.  In  everyday  life,  limestone,  sand,  bricks,  and  most 
clcs  are  illustrations.  The  other  substances  ordinarily  classed  as 
Icomhustible  are  those  which  do  not  unite  with  oxygen,  as  it  is  found 
in  the  air,  with  sufficient  vigor.  The  iron  used  in  the  construction  of 
fireproof  buildings  is  the  commonest  example  of  this  class. 

•  Here  sumniatiun  of  the  formulie  on  the  left  would  give  H,P,0,,  but  in  such 
casM,  aniess  there  :ire  rt^tinons  to  tho  contrary,  tJie  cominon  factor  is  pat  !u  front 
wtd  the  formQl»  redticfd  tu  its  lowest  terms. 
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Ojrldatton.  —  The  rusting  of  metals  diffeis  from  combustion 
in  speed.  Thus,  magnesium  riliboa,  when  left  lying  in  the  air,  gradu' 
ally  becomes  covered  with  a  white  crust.  By  scraping  this  otf,  and 
joutiaually  exposing  the  surface  of  the  metal,  the  who.e  of  the  latter 
may  eventually  be  transformed  into  the  white  powder.  The  product 
is  identical  in  composition  and  properties  with  the  oxide  formed  by 
combustion  {p  44).  In  the  case  of  iron,  burning  gives  us  the 
uis^uetic  oxide  (Fe,Oj),  while  rusting  in  moist  air  yields  ti  hydi-ated 
ferric  oxide  (Fe.,Oj  +  Aq*).  The  products  differ  in  composition,  but 
are  closely  related. 

This  process  of  slow  oxidation,  although  less  conspicuous  than 
comhusiion,  is  really  of  greater  interest.  Thus  the  decay  of  wood  is 
simply  a  process  of  oxidation  whereby  the  same  products  are  formed 
as  by  the  more  rapid  ordinary  combustion.  Large  volumes  of  pure 
water  are  mixed  with  sewage,  the  object  being  not  simply  todilute  the 
latter  but  to  introduce  water  containing  oxygen  in  solution.  This  has 
an  oxidizing  [lower  like  that  of  o.\vgen  gas,  and,  through  the  agency  of 
bacteria,  quickly  renders  dissolved  organic  matters  innocuous  by  con- 
verting them  for  the  most  part  into  carbon  dioxide  and  water.  In  our 
own  bodies  we  have  likewise  a  familiar  illustration  of  slow  oxidation. 
Avoiding  details,  it  is  sufficient  to  .say  that  the  oxygen  from  the  air 
taken  into  the  lungs  is  carried  by  the  blood  throughout  our  tissues  and 
is  there  u.sed  for  oxidizing  waste  materials.  The  carbon  dioxide  is 
carried  back  to  the  lungs  by  the  blood,  and  finally  reaches  the  air  dur- 
ing exhalation.  To  supply  the  place  of  the  material  thus  removed,  we 
are  under  the  continual  necessity  of  building  new  tissue  from  the  food 
whicn  we  eat.  If  we  cease  to  eat,  we  become  lighter  and  weaker,  show- 
ing that  a  real  portion  of  our  structure  is  gradually  being  consumed  by 
oxidation. 

The  opposite  of  oxidation,  the  removal  of  oxygen,  is  spoken  of  in 
chemistry  as  reduction. 
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Meana  of  Altering  the  Speed  of  a  Given  Chemical  Action:  By 
Change  of  TeHiperatufe.  — That  the  same  change  may  proceed  with 
very  different  speeds  according  to  conditions  is  a  familiar  fact.  For 
example,  raiaiug  the  temperatuie  Increaaea  the  rapidity  of  ail  chemical 
iuteractiona.    Thus,  cold  iron  combines  with  oxygen  very  slowly,  giv- 

•  The  formula  M.jO  may  not  be  used  excepting  to  indicate  a  deflnile  proportion 
of  the  clemeni.'i  of  waicr  (18  pariB).  Wbero  ibo  proportion  varies  according  to 
circutnsiancvB,  na  beru  and  in  lliu  case  of  solmioas,  Llie  uoiilraclioa  Aq  is  employe 
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ing  rust,  while  white-liot  iron  sheds  quantities  of  scales  of  au  oxitie, 
formed  in  ihe  few  momeuia  that  it  is  undi^r  the  blauksmitli's  hammer. 
White-hot  coal  uuites  with  oxygen  in  the  air  to  form  carbou  dioxide 
and  seems  to  disappear  before  our  eyes,  while  iu  the  cellar,  even  in 
warm  weather,  we  observe  no  appreciable  diminution  in  its  aiuouut. 
The  chemist,  however,  has  reason  for  considering  that  even  here  the 
difference  is  one  of  degree  only.  No  temperature  can  be  found  at  which 
the  interaction  definitely  begins.  We  believe  that  every  change,  pro- 
vided, like  these,  it  involves  a  liberation  of  energy  (ef.  p.  27),  proceeds 
with  sitmr  speed  at  every  temperature,  A  rough  estimation,  based  on 
experiment,  shows  that  on  an  average,  other  things  being  equal,  every 
rise  in  temperature  of  ten  degrees  doubles  the  amount  of  material 
changed  per  second,  and  conversely. 

If,  on  bringing  two  materials  together,  the  ehemist  observes  no 
marks  of  chemical  action,  he  immediately  begins  cautiously  to  heat  the 
mixture.  This  a])peal  to  the  accelerating  effect  of  a  rise  in  tempera- 
ture is  always  made  as  a  matter  of  course. 

The  common  expressions  nsed  in  chemistry  in  describing  temper- 
atures, along  with  the  corresponding  readings  of  the  thermometer,  are 
as  follows  : 


Incipient  red  heat,  about  52.5'^ 
Dark  red  heat,  "    700^ 

Bright  red  heat,  "    OSO" 


Yellow  heat,  about  1100°. 

Beginning  white  heat,  "  1300°. 
White  heat,  «   1500°. 


Rapid  Self-sttittaiHlnff  Chem  leal  Action  and  Means  of  Initiat- 
ing It.  —  When  apietie  of  wood  is  set  ou  tire  at  one  end,  the  heat  pro- 
duced by  the  action  itself  raises  the  temperature  of  neighboring  portions 
until  their  speed  of  union  Incomes  equal  to  that  of  the  part  originally 
lighted.  In  this  way  the  whole  Ijecomes  finally  inflamed.  When  we 
blow  the  blaze  out,  the  great  excess  of  cold  air  suddenly  lowers  the 
temperature  of  the  wood,  and  oF  the  gas  rising  from  it,  and  rapid  union 
oaa^es.  Whether  a  given  set  of  materials  can  maintain  itself  at  a  tem- 
ature  proper  to  violent  interaction  will  depend  on  the  amount  of  heat 
iveloped  by  the  action  itself  on  the  one  hand,  and  the  losses  of  heat 
by  conduction  and  radiation  on  the  other.  If  the  latter  are  great,  the 
former  must  be  greater.  Thus  the  union  of  iron  and  oxygen  per  «e 
gives  beat  enough  to  warm  the  materials  to  the  burning  temperature  and 
leaves  much  over  for  radiation.  But  iron  in  air,  which  is  four-fifths 
nitrogen,  ran  receive  the  oxygen  only  one-fifth  as  fast  at  the  start,  and 
even  more  slowly  as,  later,  the  uitiogeu  accumulates  round  it.     And  be- 
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sides,  all  the  nitrogen  has  to  he  lieabed  to,  perhaps,  2000'.  The  task  is 
too  great.  Tlie  uiiiou  is  impeded  and  the  iron  is  not  oxidized  fast 
enough  to  geuerute  the  heat  reqvured  to  maintain  everytliiug  at  this 
liigli  temperature.  Poor  conductors  of  heiit,  like  wood  and  candles,  fare 
better.  Powdered  iron,  with  its  particles  presenting  large  surface  U> 
the  air  relatively  to  the  weight  of  material  in  each  particle  to  be  heated, 
barns  well, 

The  initial  swpply  of  heat  required  to  stai-t  violent  exuthermal  cheiii- 
ieal  actions,  of  which  alone  we  are  here  speaking,  must  not  be  confused 
with  the  heat  subsequently  developed  as  the  action  proceeds.  The  lat- 
ter is  usually  much  greater.  Indeed,  the  pn4htiiiutrif  stippltf  varies 
with  circumstances,  and  may  be  made  as  small  as  we  choose  by  Hmitiug 
the  area  first  heated  and  using  ordinary  precautiosisi  against  radiation 
and  convection.  Indeed,  in  practice,  a  single  spark  from  au  induction 
coil  ofteji  takes  the  place  of  more  clumsj^  mctlaMla  of  raising  the  tem- 
perature. The  hemt  producnl  hi/  the.  iiitisrartioii  iVxp{/)  however,  is  fixed 
in  amount, ami  depends  only  on  the  materials  and  their  quantity.  Kn- 
dothennal  actions  diifer  completely  from  those  under  discussion.  In 
them  a  definite,  large  quantity  of  heat  has  to  lie  furnished,  and  the  ac- 
tion instantly  ceases  if  the  supply  fails. 

Heating  is  not  the  only  means  used  to  give  the  initial  acceleration 
to  a  self-sustaining  chemical  change.  The  materials  in  a  match-head 
are  capable  of  undergoing  a  great  transformation.  Yet,  so  slowly  does 
this  proceed  at  ordinary  temperatures,  that  niatclies  may  be  kept  in 
efficient  condition  for  years.  Here  a  rather  violent  vibration  is  em- 
ployed to  hasten  the  torpid  action  in  a  small  piirt  of  the  material,  and 
the  heat  produced  by  the  resulting  action  quickly  ignites  the  whole. 
he  same  explanation  accounts  for  the  explosion  of  gun-cotton  by  a 
rcussiou  fuse. 


Othef  Mean»  of  Alterinff  the  Speed  of  a  Given  Chemieal 
Change  :  lij/  V/uiiif/e  in  CoHcentrnfiou  :  bff  Catati/niM  ;  hy  Sofit- 
tion,  —  liven  when  the  temperature  remains  constant,  there  are  other 
changes  in  the  conditions  (p.  52)  which  may  be  used  for  accelerating  or 
for  moderating  the  speed  of  chemical  interactions.  Tlie  most  impor- 
tant of  these  is,  a  change  in  the  concentratloD  of  the  interacting  sub- 
stances. Another  is  the  presence  of  a  catalytic  agent.  The  condition 
of  solution  might  he  accounted  still  another. 

The  abatement  in  the  activity  of  the  oxygen  found  in  the  air  by  the 
nitrogen  which  is  mixed  with  it,  is  a  question  of  oonoeutratlou      If  the 
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concentration  of  pure  oxygen  under  atmospheric  pressure  is  taken  as 
unity,  that  of  oxygen  in  ait-  is  only  about  0.2.     Ami  tlie  speed  of  inter- 
action of  a.  body,  oiber  things  l>eing  equal,  is  directly  proportional  to 
its  concentration.     This  is   not  an  obscure  law,  but  merely  common 
unise  put  into  definite  language.     The  oiiportunUi/  which  one  suliatance 
ra>s  for  getting  at  every  p:irt  of  another  will  be  one  factor  in  determin- 
ing the  Hp€§d  with  which  the  resulting  transfoiination  will  take  place. 
And  this  opportunity,  other  things  being  eqita!,  depends  on  the  thick- 
ness or  density  with  which  the  substance  is  scattered  in  the  region  of 
jllj^ion.     In  the  t^se  of  a  gns,  this  factor  is  measured  by  its  partial  press- 
*^r&.     Hence,  lights  burn  biwlly  at  great  elevations,  where  the  oxygen 
IS  very  tenuous.     On  tlie  other  hand,  powdered  charcoal  interacts  so 
rapidly  when  ignited  in  liquid  air,  where  the  oxygen  is  highly  con- 
densed, tluit  au  explosion  takes  place,  whereas  in  common  air  it  burns 
feebly.     Again,  when  oxygen   is  compressed  in  contact  with  barium 
oxide  at  TiXP  itcombines  to  form  the  dioxide  (p.  fi4)  -,  when  the  press- 
ure of  the  oxygen  in  contact  with  the  latter  is  reduceil,  oxygen  is  lib- 
erated (see  Chemical  equilibrium). 
^^    When  an  extra  substance  increases  the  speed  of  a  chemical  change, 
Wemingly  by  its  mere  presence,  without  itself  suffering  any  permanent 
change,  we  call  this  catalytic  (Gk.  mra.,  downj  Xwr«,  the  act  of  loosing) 
or  contact  acUon.     The  word  was  originally  used  for  cases  of  decomposi- 
tion.    The  fun-igi!  liody  is  called  the  catalytic  or  contact  agent,  and  the 
process  catalysis,     The  effect  of  manganese  dioxide  on  the  decompo- 
sition (if  potiissium  chlorate  (p.  t>5)  is  of  this  nature.     "When  some  of 
the  chlorate  is  melted  carefully,  so  as  to  avoid  superheating,  scarcely 
any  evolution  of  oxygen  can  be  perceived  at  this  temperature  (351°). 
If  now  a  thin  glass  bnlb  filled  with  powdered  manganese  dioxide  be 
broken  in  the  molten  mass,  the  oxygen  is  given  off  in  torrents  in  con- 
■^iience  of  the  enormous  acceleration  of  the  decomposition.     Yet  the 
^fcnganese  dioxide  itself  may  be  recovered  unchanged  from  the  residue. 
^V  It  18  found  that  many  actions  owe  what  appeai-s  t«  be  their  normal 
speed  to  the  presence  of  a  trace  of  water  vapor.     Thus  many  of  the 
elements  show  no  visible  tendency  U)  unite  with  carefully  dried  oxy- 
gen, even  when  they  are  strongly  heated  in  it.     Addition  of  a  trace  of 
asttire,  however,  hring.s  about  instant  combustion.     So  water  is  to  be 
jrded  as  one  of  the  commonest  contact  agents  (see  Chemical  prop- 
erties of  chlorine). 

.V  few  rasPH  of  rcUrdjilion  <i[  an  actinn  by  a  catalytic  .igent  are  knnwii.     Thus, 
a  little  beuzyl  alcohul  or  miiiinit«  added  to  tlie  solution  will  retard  lite  oxidation  of 
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sulphites  by  the  air.     Hence  positive  and  negative  calalyBig  both  occur  (see  ftb- 
8tr»ct  of  an  address  by  Ostwaid  in  Nature,  LXV,  622,  given  slso  in  full  ia  tlta  ] 
Zeitschrift/ur  Ekktroc/temie  VU,  905). 

The  effect  of  aolutioo  in  hastening  a  chemical  change  was  sees  | 
when  we  examiaedthe  interaetion  of  sodium  chloride aad  silver  nitrate 
(p.  13).  With  the  solutions  the  action  was  seemingly  instantaaeovjs. 
If  we  had  attempted  to  bring  it  about  by  rubbing  the  dry  sulastancea  in 
a  mortar,  hours  of  work  would  have  left  much  of  the  original  bodies 
still  unchanged.  Even  heating  would  not  have  produced  so  prompt  an 
effect.  It  is  obvioua  that  the  intimate  access  which  every  part  of  each 
solution  gains  to  every  part  of  the  other  accounts  to  some  ext«nt  for 
the  difference  (see  Ionization).     Chemical  actiou.s,  as  will  be  seen  in  th© 


tne  iimerence  (see  ionization),     i  iiemicai  actiou.s,  as  wju  De  seen  in  tn©  ■ 
sequel,  are  very  frequently  carried  out  iti  aqueous  solution  in  order  to  | 

I  take  advantage  of  the  favorable  influence  of  this  condition.  fl 

Tltermochenti»tr)f,  —  Aa  we  have  seen  (p.  27),  the  free  or  available  f 


chemical  energy  of  a  system  undergoing  chemical  change  usually  ap- 
pears in  the  form  of  heat.  Since  it  is  often  instructive  to  consider  the 
amount  of  heat  produced,  some  of  the  elementary  facta  of  thermo- 
chemistry must  be  explained. 

The  chemical  interactions  to  be  atudied  thermally  are  arranged  so 
■  that  they  may  be  carried  out  in  some  small  vessel  which  can  be  placed 
H  inside  another  containing  water.     The  heat  de%'elopetl  raises  the  tem- 
I    perature  of  this  water.     Where  gases   like  oxygen  are  concerned,  a 
closed  bulb  of  platinum  form,s  the  inner  vessel.     The  quantity  of  heat 
capable  of  raising  one  gram  of  water  one  degree  in  temperature,  be- 
tween 0^  and  KM)"  Centigrade,  is  called  a  calorie.     So  that  250  gran>s  of 
water  raised  1°  would  represent  250  calories,  and  20  grams  of  water 

•  raised  il°  would  represent  100  calories. 
While  in  physics  the  unit  of  quantity  is  the  gram,  in  chemistry  the 
unit  which  we  select  is  naturally  that  represented  by  the  fonnula  of 
the  substance.  Thus,  the  heat  of  combustion  of  carbon  means  the  heat 
B  produced  by  combining  twelve  grams  of  carbon  with  thirty>two  grams 
of  oxygen,  and  is  sufficient  to  raise  100,000  grams  of  water  one  degree. 
This  ia  expressed  as  follows  : 

C  +  20  -►  CO,  +  100,000  cal.  | 

In  other  words,  the  combustion  of  less  than  half  an  ounce  of  carbon 

will  raise  one  kilogram  (over  two  pounds)  of  water  from  0°  to  the 

—^  bolting-point  ^ 
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It  is  always  found  that  the  same  quantities  of  any  given  chemical 
sutfstances  sustaining  the  same  i^hemical  change  under  the  same  condi- 
tions produce  or  absorb,  according  as  the  action  is  exothermal  or  en- 
dothermal  (p.  27),  amounts  of  heat  which  are  equal. 

The  rate  at  which  a  given  chemical  action  is  allowed  to  take  place 
has  no  influence  on  the  total  amount  of  heat  consumed  or  produced. 
It  may  not  at  first  sight  appear  obvious  that  rusting  evolves  heat,  but 
a  delicate  thermometer  would  show  that  a  heap  of  rusting  nails  was 
somewhat  higher  in  temperature  than  siirrounding  bodies.  Poor 
conductors,  like  oily  rags  and  ill-dried  hay,  show  a  tendency  to  spon- 
taneous combustion  owing  to  aocamulation  of  the  slowly  developing 
beat  of  oxidation.  The  warmth  of  onr  own  boflics  ia  in  part  due  to  the 
same  cause. 

la  accordance  with  invariable  experience  expressed  in  the  law  of 
the  conservation  of  energy,  when  an  action  is  chemically  capable  of 
reversal,  the  contribution  of  the  same  amount  of  beat  which  it  de- 
velops will  exactly  suffice  to  drive  the  chemical  change  in  the  opposite 
direction.  The  heat  contributed  is  simply  used  to  restore  the  amount 
of  ehemical  energy  proper  to  the  original  system.  Thus,  the  union  of 
one  chemical  unit  weight  each  of  mercury  and  oxygen  (p.  {j2)  produces 
30,600  cal. : 

Hg  -I-  O  -.  HgO  -I-  30,600  cal., 


and  the  decomposition  of  one  formula-weight  of  mercuric  oxide  (p.  12) 
demands  the  same  amount  of  heat  in  order  thnt  free  mercury  and  oxy- 
gen, with  their  appropriate  proportions  of  chemical  energy,  may  be 
recovered. 

In  practice  it  is  found  that  all  chemical  changes  are  not  capable  of 
reversal  by  the  use  of  the  sources  of  heat  available  in  the  laboratory. 
K  quantity  of  heat,  equivalent  to  that  prodiiced  l>y  any  chemical  action 
on  a  small  scale,  is  very  easily  provided,  but  something  more  appears 
to  be  necessary.  The  heat  provided  must  be  of  a  certain  temperature, 
otherwise  it  ia  quite  ineffective.  For  example,  the  heat  produced  by 
the  union  of  calcium  and  oxygen  is  within  the  limits  of  ready  mea^ 
tuement, 

Ca  -H  0  ->  CaO  -|-  131,000  cal.. 


ud  the  supply  of  this  amount  (or  even  of  unlimited  amounts)  of  heat 
to  calcium  oxide  (quicklime)  is  easily  achieved.  Yet  this  method  is 
quite   ineffective  to  produce  decomposition   (p.  63)  of  the  product. 
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Apparently  wff  have  not  sufficiently  high  temperatures  for  the  purpo^ 
at  our  command  (see  Factors  of  energy). 

It  may  be  noted  in  this  connection  that  the  temperatures  require 
to  produce  reasouahly  rapid  deeompoBition  vary  within  a  wide  range. 
Some  substances  can  be  kept  only  below  0°,  and  decompose  when 
allowed  to  become  warm.  Others,  like  the  oxides  of  gold  and  platinum, 
require  a  little  heating  (p.  63),  Many,  like  quicklime,  are  not  broken 
up  even  at  the  temperature  of  the  electric  arc.  When  the  energy  is  i 
applied  in  the  form  of  electricity  (p.  19),  instead  of  heat,  the  range  is  , 
incomparably  more  easily  within  the  reach  of  the  meaus  ordinarily  at 
our  disposal.  There  is  no  sul»stance,  provided  it  is  of  such  a  nature  as 
to  be  affected  by  the  electric  current  at  all,  which  cannot  be  decomposed 
by  a  current  with  an  E.M.F.  of  lOvolta  or  less,  while  currents  of  110 
volts  and  over  are  commonly  accessible.  It  is  partly  on  this  account 
that  electrical  processes  have  become  so  comuion  in  industrial  chem- 
istry.  ^M 

One  of  the  most  important  principles  of  thermochemistry  is  the^^ 
law  of  constaut  heat  Bummatioi).  If  a  system  of  sni)stance.s  can  be 
transfttrmed  into  another  system  of  substances  by  different  stages  or 
by  more  than  one  route,  then  the  algebraic  sum  of  the  heats  absorbed 
or  produced  in  the  various  stages  is  the  same.  Thus,  bariimi  oxide 
might  be  formed  directly  from  the  proper  proportions  of  the  constitu-  J 
ents,  or  it  might  be  made  by  preparing  the  dioxide  (p.  6."),  and  then 
driving  out  half  of  the  oxygen  contained  in  the  latter.  The  quantities 
of  heat  involved  in  these  changes  are  as  follows ; 


Ba  +  O  ->  BaO  +  124,400  cal. 
(  Ba  +  20  -.  BaO,  +  141,600  cal. 
t  BaO,  ->  BaO  +  0  -  17,200  cal.» 


(1 

(2) 

(3) 


^ 


When  the  last  two  equations  are  added  algebraically,  canceling  terms 
such  as  BaO,  and  0,  which  are  common  to  both  sides  of  the  final 
equation,  the  chemical  action  is  seen  to  be  the  same  as  in  (1),  and  the 
balance,  in  favor  of  he-at  produced,  is  124,400  calories  as  before.  If 
in  such  cases  the  sum  of  the  heats  was  not  the  same,  it  would  follow 
that  by  using  different  plans  of  procedure  we  could  prepare  diflferent 
specimens  of  the  same  substances  containing  different  proportions  of 
chemical  energy.    This,  however,  we  have  never  been  able  to  do  (p,  77). 

•  Sintse  (S)  ts  to  be  addetl  to  (2)  so  as  to  give  (1),  the  formnlte  of  (3)  must  be 
sn  placed  timt  if  the  initial  BubBtaiices  r>f  (1 )  are  on  ttio  left  side  of  (2),  the  prodoctJi 
of  (1)  may  be  on  the  right  side  of  (3)  aud  vice  oerra. 
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The  quantities  of  heat  liberated  in  two  chemical  changes  are  often 
measures  of  the  relative  amounts  of  available  chemical  energy  in  the 
systems  before  the  change,  and,  therefore,  often  furnish  a  measure  of 
the  relative  chemical  activities  of  the  two  sets  of  substances.  The 
comparison  may  safely  be  made  in  certain  cases  when  the  conditions 
under  which  the  two  actions  take  place  are  precisely  alike.  Formerly 
it  was  supposed  that  the  heat  liberated  was  always  proportional  to  the 
chemical  activity  of  the  substances,  but  we  have  already  shown  cause 
(pp.  27-28)  why  this  general  statement  caunot  be  true. 

Escereisea.  —  1.  Construct  the  equations  for  the  combustion  of 
phosphorus,  carbon,  and  iron  in  oxygen  (p.  70). 

2.  When  1  g.  of  sodium  bums  in  oxygen,  it  produces  1.7  g.  of  the 
oxide.     What  is  the  formula  of  the  latter,  and  the  equation  (p.  69)  ? 

3.  Which  are  the  components  (p.  34)  of  the  liquid  made  by  treating 
phosphoric  anhydride  with  water  ?  Which  are  the  constituents  (p.  34) 
of  phosphoric  acid? 

4.  How  should  you  show  that,  in  the  making  of  oxygen  from  a 
mixture  of  potassium  chlorate  and  manganese  dioxide,  the  latter 
remains  unchanged  ?  Which  properties  (p.  37)  are  you  employing  for 
this  purpose  ? 

5.  Discuss  the  union  of  iron  and  sulphur  (p.  11)  and  the  decompo- 
sition of  mercuric  oxide  (}>.  12)  in  their  relation  to  the  explanations  on 
pp.  73-74. 

6.  How  many  calories  are  required  to  raise  600  g.  of  a  substance 
of  specific  heat  0.6  from  15°  to  37°  (p.  70)? 

7.  The  combustion  of  1  g.  of  sulphur  to  sulphur  dioxide  develops 
2220  calories.     What  is  the  heat  of  combustion  of  sulphur  (p.  76)  ? 

8.  Outline  briefly  the  proof  that  thermochemical  data  are  not  accu< 
late  measures  of  chemical  activity  (p.  79). 


CHAPTER  VI 


THE  MEABTTREMIINT    OF  QUAKTITT  IN  OASES 

Wu  have  spoken  of  metisuring  the  proportion  by  weight  of  the 
oxygen  used  in  several  chemical  changes,  but  in  our  illustrations  we 
have  never  weighed  the  gas  itself.  We  have  always  («.<?.  p.  69) 
obtained  its  quantity  by  subtracting  the  weights  of  solid  or  liquid 
bwlies.     In  practice  this  method  often  serves  the  purpose. 

Our  preference  for  weighing  as  a  means  of  ascertaining  quantity 
of  matter  is  largely  due  to  the  fact  that  the  weight  is  independent  of 
the  physical  or  even  chemical  condition  of  the  substance.  Yet,  with 
proper  precautions,  we  may  learn  the  quantity  of  matter  by  means  of 
any  otlier  attributes  which  are  proportional  to  it,  Kow  the  volume  is 
such  an  attribute.  In  determining  the  quantity  of  a  liquid,  where 
I'apidity  with  no  great  accuracy  is  desired,  the  volume  is  frequently 
measured.  In  the  case  of  gases  the  error  made  in  measuring  the  vol- 
ume is  less,  as  a  rule,  than  in  measuring  the  weight 
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The  VaiHable  Cnucentrnfion  of  Gemeg,  —  A  little  experience 
with  gases  soon  shows  us  that  measurement  of  volume  alone  does 
not  necessarily  give  any  definite  idea  of  the  quantity  of  matter 
present.  The  denseness  with  which  the  gaseous  matter  is  packed  (the 
concentration  of  the  gas)  in  the  vessel  must  somehow  be  defined,  as 
well  as  its  volume,  in  order  that  there  may  be  specification  of  the 
quantity  of  matter. 

Gases  vary  markedly  In  cbemical  activity  with  changes  in  their  cnncentratinn 
((/.  p.  15),  and  thus  the  considerBtion  of  thia  condition  (p.  52)  is  coniinually 
forced  upon  the  chemist.  Solids  and  liquids  do  not  alter  their  dvimeness  of  pack- 
ing (conceiitrntlon)  very  noticeably  even  when  compressed  severely  or  clianged  in 
temperature.  So  (IiBt  cniiceiilralion  need  not  be  considered  in  tlie  case  of  pure 
hnilies  iu  the  solid  or  liqnid  forms.  Such  substances  can  be  Bcattered  through  a 
variithle  space  by  solntion  in  some  enitaUe  solvent,  however,  and  Uien  their  degree 
of  packing  or  concentratioii  becomes  an  important  factor  in  (Aetr  chemical  behavior 
also. 

The  principle  used  for  e.stimating  the  concentration  of  a  gas  may 
be  illustrated  by  means  of  tlie  arrangement  in  Fig.  24.     Except  that 
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little  gas  (any  gas  will  do)  remains  shut  nif  by  the  mercury  in  the 
left  limb  of  the  tube,  the  whole  apparatus  has  been  evacuated.  The 
reservoir  can  be  turned  upward,  and  thus  larger  amounts  of  niei-cury 

ay  be  introduced  into  the  tulje. 
Now  the  portion  of  the  mercury  l»low  the  dotted  line  is  esspntially 
a  balance,  that  is  to  say,  it  will  move  in  one  direction  or  the  other  if 
the  stresses  on  either  side  change.  At 
present  these  stresses  must  be  equal.  On 
the  right  pan  of  the  balance,  so  to  speak, 
the  stress  is  represented  by  tlie  weight  of 
the  column  of  mercury  above  the  dotted 
line.  As  there  is  nothing  in  the  tiilie 
above  this  mercury,  the  weight  of  the 
latter  ig  all  that  this  side  of  the  balance 
sustains.  On  the  left  pau  of  the  balance 
there  must  he  an  equal  stress,  and  this 
stress  can  he  caused  only  by  the  gas  con- 
fmed  in  the  shorter  limb.  The  nature  of 
a  gaa  suggests  that  this  stress  must  be 
exercised  on  the  walls  of  the  tube  al.so, 
althongh  they  naturally  do  not  exhibit 
its  effects.  This  stress  we  call  the  press- 
are  or  tenaloa  of  the  gas. 

The  height  of  the  surface  of  the  mer- 
cury on  the  right  above  that  on  the  left 
having  been  measured,  more  mercury  may 
now  be  added  from  the  reservoir,  and  the 
difference  in  the  two  levels  again  noted. 
The  gas  cannot  have  diminished  in  amount, 
yet  it  now  occupies  a  smaller  space,  and  is,  therefore,  packed  more 
closely  -^  its  concentration  is  greater  than  before.  If,  for  example,  the 
difference  in  level  is  now  twice  as  great,  it  will  be  found  that  the  con- 
tration  of  the  gaa  is  also  twice  as  great  (its  volume  having  become 

alf  of  the  original  volume).  Whatever  amount  of  mercury  is  added, 
we  shaH  always  find  that  the  concentration  of  the  gas  is  proportional 
to  the  height  of  the  mercury.  But  tliia  in  turn  is  proportional  to  the 
weight  of  metal.  The  weight  of  mercury  on  one  side  must,  therefore, 
be  equal  to  the  stress  or  pressure  or  tension  of  the  gas  on  the  other 
side  which  balances  it.  Hclii-e,  the  concentrations  of  a  sample  of  any 
proportional  to  tLe  corresponding  pressures  it  exercises.     We 
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determine,  therefore,  the  denseness  with  which  any  sample  of  gas 
packed  by  measuring  its  pressure. 


Method  of  Allotriiiff  f»f  Vat'fflt»ff  Coiireutnitiuii  iu  3tenttur- 
ittff  Qnnntity  in  Gftxen.  —  The  iirinciiilejiibt  Stated  is  ai)jilie<l  to  the 
measurpment  of  t!ie  ciuautity  of  matter  in  a  aiuniile  of  gas  hy  per- 
mitting the  coneentratiou  of  the  sample  to  alter  until  it  is  equal  to 
that  of  the  atmosphere  at  the  moment.     Then 
read  off  the  volume   now  occupied,  and  simulta- 
neously we  ascertain    the   pvessiu'O  by   observing 
that  of  the  atmosphere.     Each  of  these  two  oper 
ations  is  facilitated  by  a  special  arrangement 
apparatus. 

A  gas  to  be  nieasured  is  always  confined  so 
that  some  liquid  constitutes  one  part  of  the  barrier 
to  its  escape.  The  very  simplest  form  of  the 
apparatus  is  shown  in  Fig.  '25.  To  render  the 
concentration  (and  pressure)  of  the  gas  equal  to 
that  of  the  atmosphere,  the  cylinder  containing 
the  gas  is  lowered  (or  raised)  until  the  levels  of  the 
liquid  inside  and  outside  are  the  same.  When  the 
system  is  in  this  condition  the  stress  of  the  gas  on 
the  inner  surface  must  be  equal  to  that  of  the 
atnujsphere  on  the  outer  one,  otherwise  movement 
of  the  liquid  would  occur.  The  volume  of  the  giis 
is  then  read  dirctly  from  the  graduation  on  the 
cylinder.  Often  the  cylinder,  or  other  vessel,  is 
closed  with  a  ground-glass  plate,  placed  quickly  in 
erect  position,  and  weighed.  The  weight  of  water 
which  is  then  required  to  fill  it  to  the  brim  gives  more  exactly  the 
volume  occiqjied  by  the  gas  (1  g.  water  =  1  c.c).  When  special 
mode.s  of  admitting  or  handling  the  gas  have  to  be  provided  for, 
the  apparatus  may  be  more  complex.  But  the  principle  of  adjust- 
ment is  always  the  same.  In  exact  work,  niercnry  is  employed  to 
coufiue  the  gas.  Water  serves  the  purpose  of  rough  work  with 
gases  which,  like  oxygen,  are  but  slightly  soluble  in  it.  When 
water  is  used,  the  volume  is  too  great  by  the  space  occupied  by 
the  vapor  of  the  water  whit'h  is  mixed  with  the  gas  (see  Mixed  gases), 
and  a  correction  must  always  be  made  on  this  account 

The  pressure  or  tension  of  the  atmosphere  at  any  moment  is  mea»^ 
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ured  by  means  of  a  simplified  form  of  the  apparatus  in  Fig.  24.     The 

Kieservoir  is  omitted,     Tlie  atmospheric  air  being  tlie  gas  whose  concen- 

|tration  is  to  be  measui'ed  tlirough  its  pressure,  the  short  limb  is  left 

»pen.     TJie  resulting  aiiparatus  (Fig.  26)  pei-forma  its  functions  in  tlie 

leajiie  way  as  diifs  the  more  r.omplex  one.     The  only  differenee  is  that 

Itoercury  is  antomattcuUt/  added  to  or  withdrawn  from  t)ie  right  side 

,by  the  motion   of  the  metal  resulting  fmni 

|chauge3  in    the   pressure   of   the   air.     The 

E!uiing  of   the  vertical  height   between  the 

lower   and   upper  surfaeea   of   the   mercury 

jives  a  number  whicli  is  proportional  to  the 

reight  of  mercury  on  the  right  side  of  tlio 

balance  and,  therefore,  to  the  (equal)  stress 

^wof  the  atmosphere  on  the  left.     This  is  called 

^Hllie    hiiromctrie  reaillittj   (uncorrected),   after 

^Htlie  uame  of  the  instrument. 

^^H       To  UKike  different  readings,  taken  wlien 

^■klie    mercury    is    at    different    temperatures. 

Strictly    proportion al    to  the  weight  of    the 

luetal,  the  observed  height  is  always  reduced 

to   tliat  which  would  have  been  shown  by 

the   same   weight   of   mercury  at  0°  in  the 

ame  apparatus.     A  thernjometer,  and  a  table 

Df  temperatures  with  the  corresponding  cor- 

ections  to  be  subtracted  from  the  uncorrected 

esuiiug  (C,  Fig.  26),  must  be  nscd. 

Knowing   now  the   volume   occupied  by 
he  sample  of  gaa  when  its  concentration  is 
Kpial    to   that  of    the   atmosphere    and    the 
irometrie  reading,  which  is  proportional  to 
ilia  concentration,  the  measurement   of  the 
aount  of  matter  in  the  sample  has  become 
'flefiiiite  so  far  as  concerns  the  variabilitj-  of  concentration  with  change" 
^iu  pressure. 

^b     The  recorded  results  of  measurements  made  as  above  at  different 

limes  are  still  unsatisfactory  because  the  data  for  samples  of  the  same 

kind  of  gas  differ  in  the  value  of  the  pressure  as  well  as  in  that  of  the 

^boluine.     To  make  the  results  easily  comparable  in  respect  to   the 

**amount  of  matter  they  represent,   one  further  step  is  needed.     All 

tbe  data  are  recalculated  so  as  to  show  the  volume  each  sample  would 
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have  occupied  if  the  pressure  had  been  eqaal  to  tho  weight  of  760  mnt 
of  mercury,  ■wliicU  is  the  average  height  of  the  barometer  at  the  sea 
level  ia  45°  of  latitude. 

We  have  seen  that  the  concentration  of  a  given  quantity  of  a  gas 
is  proportional  to  its  pressure  {p.  81).  But,  volume  occupied  ia  the 
inverse  of  concentration.  Thus  tlic  same  rule  may  he  stated  in  the 
form,  the  volumeB  occupied  by  a  sample  of  auy  gaa  are  inversQly  pro- 
portionai  to  the  pressure  at  each  volume.  The  fact  was  discovered  by 
Boyle  (1660)  who  stated  it  in  this  way.  In  still  other  words,  the 
product  of  the  several  pressures  and  corresponding  volumes  of  a 
sample  of  gas  is  a  constant. 

A  numerical  illustration  will  show  the  mode  of  applying  this  rule. 
We  measure  200  c.c,  of  a  gas  at  atmospheric  pressure,  and  the  barom- 
eter rea<ls  742  mm.  The  question  ia :  What  would  be  the  vohimo 
of  this  amount  of  gas  at  7C0  mm.  barometric  pressure?  It  will  be 
200  X  m  c.c.  =  volume  at  760  mm.  It  is  unnecessary  to  use  8Dy 
formula^  but  absolutely  essential  to  ask ;  Is  the  new  pressure  greater 
or  less  than  the  old  ?  Here  it  is  gfeatep.  Hence,  aueording  to  the 
law,  the  new  volutue  will  be  le$Sf  so  that  the  fraction  must  be  arranged 
with  the  smaller  number  in  the  numerator, 

Boyle's  law  may  be  illustrated  by  using  a  long  tube  bent  like  a  barometer  (Fig, 
2fl}  but  liavitig  the  short  limb  closed  and  the  long  one  open.  Strips  of  paper  mark 
tJie  levelii  of  the  mercury,  which  arc  at  first  alike  on  both  sides,  and  i-egisler  the 
volume  of  the  air  in  the  Bhort  liinb  at  a  pressare  of  one  attnoapbere.  The  reaiJing 
of  the  barometer  nt  the  time,  say  7.M1  iiiin,,  is  noted.  Then  mercury  isadded  through 
&  funnel  inserted  iu  the  km;;  limb,  uaiil  the  level  in  this  limb  is  T60  mm.  above 
that  in  the  other.  A  aliclt  cut  to  TSO  mm.  leupth,  and  held  bpside  the  tube,  will 
conveniently  show  when  this  has  bt'en  accomiilished.  The  pressure  in  the  open 
limb  being  now  two  atmospheres,  the  vuiuiue  of  the  air  will  be  found  to  have 
diminislied  to  one-half  its  former  value. 

For  pressures  hiwer  than  one  atmosphere,  a  different  arrangement  must  be 
used.  A  graduated  tube,  closed  at  one  end,  is  partly  (11  led  with  mercury  and  in- 
verted in  a  tall,  narrow  cylinder  full  of  the  same  metal.  The  tube  ia  then  clamped 
ia  any  position,  suuh  that  the  mercury  level  iu  the  tube  la  above  that  in  tlie  cylinder. 
The  rcttdiug  of  tlie  barometer  Is  next  noted.  The  volume  occupied  by  the  air  tn 
the  tube  is  then  read,  and  the  difference  in  height  of  the  two  mercury  aarfaces  is 
tneft-tured  by  means  ot  a  graduated  rule.  Subtracting  this  height  from  that  of  tho 
barometer  gives  the  pressure  of  the  air  in  the  tube.  The  position  of  the  tube  is 
then  altered,  and  ilia  tiame  measurements  repeated,  as  often  as  is  wished.  The 
product  of  each  volume  and  tlie  correN[j<iuding  pressure  will  be  a  couataut  number. 
Tlie  law  is  expressed  mathematically  by  letting  p,  and  o,  represent  the  initial  press- 
ure and  volume,  p,  and  »,  the  new  pressure  and  volume,  and  so  forth.  Then 
p,«,  ■■  JB,?,  ">  cori.gtiiiit  for  th;tt  piirlleulsr  specimen  of  gas.  For  a  given  sample 
of  gas,  auy  one  of  the  four  values  may  \x  calculated  it  the  other  three  are  known. 
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Boyle's  law  slates  the  facts  with  sufficient  "accuracy  for  all  ordinary 

purposes.     But  ia  reality  no  two  gases  behave  preciseli/  alike  in  re- 
ject to  change  in  coa  central  ion  when  the  pressure  is  altered  {see  Mular 

reigbts).     The  same  gaa  does  not  even  behave  in  precisely  the  soine 

way  at  high,  intermediate,  and  low  pressures.  The 

ideal    gas,  which    should  behave  uniformly,   we 

call  the  perftH  gas.  With  must  gases,  at  low 
■nressures  concentration  increases  more,  and  at 
^Brery  high  pressures  much  less  than  the  rule  in- 
^Bioates  (see  Kinetic  hypothesis). 

^"^  The  ItelatioH  of  the  Volume  of  a  Gits  to 
TewiteratHfe,~-\ix  the  foregoing  we  have  as- 
sumed tliat  there  were  no  teiaperature   effects. 

__But,  as  a  matter  of  fact,  a  rise  in  temperature 

l^prill  at  once  produce  an  increase,  and  a  fall  in 
temperature  a  decrease  in  the  pressure  of  aii 
inclosed  sample  of  a  ga-s.  Hence  a  record  of  the 
pressure  alone  will  fail  to  indicate  the  concentra- 
tion definitely,  and  volume  and  pressure  together 
will  still  leave  the  amount  of  material  unspecified. 
The  temperature  must,  therefore,  be  given  as  well. 

^m       Our  descriptions  of  different  samples  of  gas 

^^Uiving  thus  t>ecome  once  more  incomparable, 
Tve  apply  the  sanie  kind  of  remedy  as  before. 
We  calculate  the  volume  which  each  specimen 
of  gas  would  occupy  at  0". 

The  rule  for  this  calculation  may  be  demonstrated  in  a  rough  way 
as  follows;  The  large,  graduated  bulb  (Fig.  27)  is  surrounded  by  a 
vessel  which  can  subsequently  be  filled  with  ice  water  or  with  water 
of  any  temperature  up  to  100°.  About  one-half  of  its  volume  i,^  occu- 
pied by  the  gas.  The  iuercury  which  fills  the  rest  is  connected  with 
a  reservoir,  so  that  the  levels  of  the  metal  can  l»e  made  alike,  and  the 
pressure  of  the  gas  be  maintained  constantly  the  same  as  that  of  the 
atmosphere.     When,  now,  the  volume  occupied  by  the  gas  at  0°  is 

^bead,  and  warmer  water  is  introduced,  we  find  that  the  volume  gains 

^■^^s  ''f  '***  value  at  0°  for  every  degree  through  which  its  temperature 
rises.  If  it  is  cooled  Ijelow  0°,  it  loses  ^^  of  its  volume  at  0°  for 
every  degree  through  which  the  temperature  is  lowered.  Observation 
ives  practically  the  same  value  for  all  gases. 


Pio.  ST. 


4 


INORGAjnC  CHEMISTRY 


The  following  graphic;  method  will  put  these  facts  in  a  Hearei 
light.     In  Fig.  2S  wu  have  oq  the  left  a  tlniniiometer  scale  divided 
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into  degrees  Centigrade.  The  middle  Hue  represents  the  volumes  of 
&  given  sample  of  gas  which  cofre.spond  witli  the  successive  tem- 
peratures. If  wo,  for  convenience,  take  a  volume  of  273  c.e.  of  a  gas 
at  0°  and  warm  this  through  1°,  then  at  1°  its  volume,  having  gained 
fl 5  of  its  original  value,  becomes  274  c.e.  At  2°  it  has  gained  another 
y^-j  of  the  volume  it  had  at  0°  and  becomes  therefore  275  c.e,  etc. 
If  cooled  below  0°  it  loses  jj  j  of  the  volume,  liecoming  272  cc,  etc. 

If  the  gas  be  heated  to  100°  it  gains  ^f!}  of  its  volume  at  0°  and 
becomes  373  cc.  We  might  infer  that  if  it  were  cooled  through  273° 
from  0°  it  would  lose  |^5  ^^  '^^  volume,  in  other  words,  it  would  dis- 
appear. This  temperature  lias  not  yet  been  reached,  and  in  any  case 
all  gases  would  presumably  liquefy  before  reaching  it.  Our  state- 
ments apply  to  ordinary  temperatures  only,  and  within  them  the  law 
holds  with  considerable  strictness.  Now  the  series  of  numbers  on  the 
middle  line  (Fig.  28)  are  all  273  units  larger  than  the  temperatiiree 
Ceutigrade  in  the  line  to  the  left  of  the  figure.  If  we  alter  the  gradua- 
tion of  the  Centigrade  thermometer  by  adding  273  to  each  temperature, 
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we  secure  the  scale  on  the  right,  which  exliiljits  deyrees  of  the  vt-ry 
game  length  as  before,  but  bus  the  additional  advautage  that  the  num- 
bers expressing  temjieratiire  are  the  saiiio  as  tliose  expresHJng  volume. 
This  is  what  we  call  the  absolute  scale  of  temperattue.  Iii  this  aili- 
iiciai  case  we  started  with  273  c.e.  at  0°  U.  (273°  Abs,),  and  the  abso- 
lute temperature  is  here  alwnys  numerically  equal  to  tlie  volume.  If 
a  different  vol  ume  had  been  taken  at  0",  then  the  volume  assumed  by 
the  gas  at  each  teuipeiature  would  huvc  borne  a  constant,  ratio  to  tlie 
volumes  recorded.  Hence,  the  volumes  assamed  by  a  aample  of  gas 
at  different  temperatureB,  tbe  pressiue  remainitig  conatant.  are  iii  the 
•ame  proportion  as  the  conespondiiig  absolate  temperattire«.  'i'hiH  is 
tlie  m€>dern  way  of  .stiiiiug  a  f;R-t  which  wa.s  iir.Hl  discovered  by  Cliarh's 
of  Paris  (1787).  Obviously,  if  the  vjluinit  remaius  constant,  tlieu  tlie 
prfjtture  will  be  proportional  to  the  absolute  temperature.  The  bare 
fact  utuleriying  our  statement  of  the  law  ia  that  all  ^ases  suffeT  equal 
Increments  (or  decrement*;  in  voltune  (or  pressare^  for  equal  changes 
ia  temperattue. 

Tb«  iltacoverf  of  this  fact  is  ^enemllf  attributed  to  Dalton,  who  Dml  publt»lied 
SB  invcAi^uion  of  the  guhject,  eiubodying  lliU  result,  in  1601,  or  to  Gay-Lujwac, 
who  made  a  more  complete  investigation  in  Ii<02.  Inajsniucb,  fauwevcr,  nt  In 
OmaAtUJ  we  have  anoiber  imfiomtnt  principle  known  oh  Gxy-JAUmac'ii  Law.  anrl 
tnmai  wliich  are  cotmected  with  ilie  name  of  I)a)ton,  it  ie  on  tlie  whole  fortuiiata 
thai  we  aj«  joatifio)  in  attribnting  this  discovtry  t<>  CliArles. 

The  applicatioB  of  this  law  may  best  Iw  illustrated  by  an  ezampli 
We  obtain  2CMi  c.o,  of  a  gas  at  20°  and  wi.sh  to  know  what  volume  it 
woold  occupy  at  fP.  To  answer  the  question,  we  convert  tlie  Ceuti- 
gnde  temperatures  to  the  absolute  scale  by  adding,  algebraically,  273 
to  each-  Thas  200  x  }{^  =  the  volume  at  V  required.  No  fortDula 
it  needed.  We  simply  aslc  whether  the  new  tem]>eratiire  is  higher  or 
dtan  the  old  one.  Mere  it  is  hirer.  Tlie  new  roliuiie  will 
be  amalltrr  than  the  old  one.  So  we  take  tare  to  place  the 
Diuaber  in  the  noneratoir. 

Tte  kv  may  b*  pm  in  wwifcmiitteal  f  nra  thai :  If  we  neke  i^  tlie  Totnae  at 
ft  and  1^  the  vtitnse  tt  tie  uaipetatare  f,,  tlien 


^-ik-A..,(.^i.)-.(?2=^). 


-<- 1,  Ea  the  nine  of  t2ie 
is  apoken  of  as  tbe  abaofau 
is  aerib  w  Oe  sane  • 
tben  eaRnynAeS  lo  tkea  are  al 
to*,",  the 
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to  Va  j}i  Ty.  Now,  similarly,  (or  any  other  temperature,  T,,  there  will  eorrespond 
another  volume,  ti,,  and  the  saiuo  relation  will  luilil,  namely,  o,  —  n,  ^1}  T,,  Eiiuat- 
iiig  bottk  valuer  of  ?„  and  calling  ^f  j,  the  noefficieat  of  expatuiton,  a,  ire  get, 

-Il_    \    ov  Hi^"^!    or    ^-T'. 

Id  words,  tlie  volumea  occupied  by  a  sample  of  a  gas  arc  proportional  to  the  abso- 
lute temperatures.  The  last  formula  etiables  us  to  calculate  any  one  of  tlie  four 
values  when  wo  know  tlie  other  three.  It  i«  preferable,  however,  that  beginners 
should  use  the  method  employed  in  the  illustration  given  iu  the  preceding  para- 
graph. Simple  mathematical  expreasiona,  like  the  one  rcpresteiiling  this  law,  are 
not  maile  to  save  us  the  trouble  of  remembering  the  law  itself,  and  it  would  be 
unfortunate  if  their  UHe  led  ua  to  forget  it. 

An  instructive  graphic  demonstration  of  the  law  is  given  by  Ost- 
wald  in  his  Pyinciplt's  nf  Itwrgani/^  C/n-misfri/,  p.  75. 

The  behavior  of  gases  in  respect  to  changes  of  temperature  and 
pressure  are  perfectly  independent  of  one  another,  so  that  the  above 
laws  may  be  applied  to  any  example,  either  in  succession,  using  the 
answer  for  the  Hrst  calculation  in  making  the  second,  or  simultane- 
ously. Tlius  200  c.c.  of  gas  at  742  mm.  pressure  and  20°  become 
200  X  m  X  li?  =  183.8  c.f..  at  0"  and  760  mm. 

Mixed  Gaaes.^Xvo  gases  at  the  same  temperature,  provided 
they  do  not  interact  diemically,  do  not  interfere  with  each  other's 
pressui-es  when  mixed.  Thus,  if  they  are  forced  into  the  same  volume, 
the  pressure  of  the  mixture  is  equal  to  the  sum  of  those  of  the  com- 
ponents (Dalton's  law,  1807).  The  gases  are  therefore  still  thought 
of  individually,  and  the  share  which  each  gas  has  in  the  total  pressure 
is  called  its  partial  pressure.  This,  like  any  other  gaseous  pressure,  is 
proportional  to  the  concentration  of  the  particular  gas  in  the  mixture. 

For  example,  a  gas  measured  over  water  contains  water  vapor. 
The  partial  pressure  of  this,  called  the  aqueous  tension  {'}.v.),  which 
is  dciinije  for  each  temperature,  must  he  subtracted  from  the  total 
pressure.  The  remainder  is  the  partial  pressure  of  the  gas  being 
measured,  and  this  remainder  is  used  as  the  pressure  of  this  gas  in 
any  calcuLition. 

nenHUeit  of  fhtiteit,  —  The  application  of  the  laws  of  Boyle  and 
Charles  enables  ua  to  express  the  quantities  of  matter  in  samples  of 
gases  in  a  definite  and  readily  comparable  manner.  In  describing 
chemical  changes,  however,  it  is  continually  necessary  to  express 
quantities  oE  gases  by  weight.  The  relation  l»tween  volume  and 
weight  for  each  kind  of  gas  must,  therefore,  be  ascertained.     If  w© 
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knonr,  for  exnmple,  the  weight  of  oae  liter  of  each  gas  at  0°  and  760 
mm.  pressure,  oonversioD  lo  other  weiguts,  volumes,  temperatures, 
and  pressures  can  be  made.  The  oiie-ihousaudth  part  of  this  value, 
the  weight  of  1  c.c,  is  called  the  deailty  of  the  gas,  Often,  however, 
the  relative  weights  of  equal  volumes,  with  that  of  air  or  hydrogen  as 
unity,  receive  this  name. 

For  most  chcnncid  purposes  a  high  degree  of  accuracy  is  not  re- 
quired. Different  arrangements  of  apparatus  are  used  according  to 
cireumstanees.  The  most  direct  method  is  to  employ  a  light  flask 
provided  with  a  rubl>er  stopper  and  stopcock  (Fig.  29).  hy  means 
of  an  air-pump  the  contents  of  the  flask  are  removed,  and  it  is  weighed. 
This  gives  the  weight  of  the  empty  vessel.  The  gas,  whose  density 
is  to  be  ascertained,  is  then  admitted,  and  care  is  taken  that  it  finally 
tills  the  flask  at  the  pressure  of  the  atmos- 
phere. The  flask  is  closed  and  weighed 
again.  The  increase  represents  the  weight 
of  the  gas.  At  the  same  time  the  tempera- 
ture and  barometric  pressure  are  read. 
The  volume  is  determined  by  displacing 
the  gas  once  more  from  the  flask,  tilling 
with  water,  and  weighing  again.  The 
difference  in  weight  between  the  empty 
flask  and  the  flask  full  of  water,  in  grams, 
represents  the  volume  of  the  content  of  the 
fla,sk  in  cubic  centimeters.  This  volume 
is  reduced  to  0°  and  7(jO  mm.  by  the  rules 
discussed  above,  and  we  have  then  a  volume 
of  the  gas  and  the  corresponding  weight. 

To  illustrate,  let  us  suppose  that  the 
volume  of  the  flask  is  200  c.c.  and  that  it 
is  filled  with  oxygen  at  20°  and  742  mm. 
The  weight,  we  will  suppaw,  is  found  to  lie 
0,2&  g.  We  ascertained  fp  88)  by  calcula- 
tion that  at  0"  and  7fiO  mm.  this  volume 
■would  be  183.8  c.c.  The  weight  of  a  liter 
is  given  by  the  proportion  183.8:0.20:: 
1000  :ar.  Here  .r  =  1.415  g.  When  the 
Operation  is  performed  carefully,  and  the  weighing  carried  to  the 
nearest,  rail! i gram  instead  of  the  nearest  centigram,  a  result  more 
learly  approaching  the  exact  one  (1.429)  may  easily  be  reached. 


Fro.  29. 
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To  get  the  density  of  oxygen  referred  to  hydrogen  as  imity,  we 
must  divide  the  answer  by  the  weight  of  a  Uter  of  hydrogen  (0,081)87  g.). 
In  the  above  case  the  riuotient  13  15.74.  The  accepted  value  ia  15. W. 
The  density  referred  to  air  as  unity  is  similarly  obtained  by  dividing 
by  1.293,  the  weight  of  a  liter  of  air  at  0°  and  7(J0  mm.  pressure. 

If  a  Buitable  pump  Is  not  available,  Iho  flask.  In  this  caae  provided  with  two 
openings,  ia  weijihed  without  preliminary  eiliauaiion.  Tbia  givi'S  the  weight  of 
die  vessel  plus  thai  0/  the  air  it  contaitis.  A  continunus  stream  of  tbe  gas  U  tlien 
i^dsseU  into  the  tlaiik  until  the  nir  hii^  been  conipleiely  displaced.  The  veasel  U 
trten  cJosed  and  another  weighing  tnmie.  Finnlly  the  ^an  ia  displaced  by  waic-i", 
tiiid  a  [i\ird  weighing  taken.  TI10  twntjemliue  and  biirometrio  pre.ssure  are  noted 
as  usual.  The  last  weighing  gives  the  volume  as  before,  lioowing  that  one  liter 
of  air  weighs  l,2ft8  g.  at  0°  and  700  mm  ,  we  may  calculate  readily  the  weigbt,  of 
the  air  which  the  Bask  containeil  at  the  observed  temperature  and  pressure.  When 
this  ia  .subtracted  from  the  numlier  obtaini.d  in  tlie  lirst.  weighing,  we  have  the 
weight  of  the  empty  flask.  Subtracting  this  in  mm  from  the  sucond  weighing,  we 
have  the  weight  of  the  gaa.  We  i.iblain  tlnis  the  weiglit  of  a  known  volmne  of  the 
gas  at  a  known  temperature  and  pressure,  jind  tiiiit^h  the  calculation  as  before. 

The  values  of  the  densities  of  gases  are  of  great  significance  in  the 
chemical  point  of  view.  A  number  of  them  are  given  in  connection 
witli  the  discussion  of  molar  weights  (!/.»'.). 


Vapof  Densities  of  HquUin  antl  SoUtla,  —  The  densities  of 
vapors  are  a.?  important  to  tlie  chemist  aa  those  of  gases  and,  solids 
and  liijuids  l)eing  nrore  numerous,  are  even  more  fretpjently  measured. 

The  apparatus  must  be  specially  adapted  to  the  purpose.  In  its 
simplest  form  (Dumas'  method)  it  consists  of  a  bulb  (lf)(l-20<)  c.c.) 
provided  with  a  long,  narrow  tnhe  (l<'ig.  30).  This  corresponds  to  the 
flask  used  for  gases.  The  bulb  is  first  weiglied/"// o/hiV,  and  is  then 
charged  with  a  considerable  amount  of  the  siii>stance,  usually  a  liquid. 
It  is  then  suspended  in  a  batli  whose  temperature  can  ho  maintained 
at  some  point  above  the  boiling-point  of  the  siikstance.  Boiling  water 
(100°)  serves  for  liquids  Ixiiling  lielow  100^.  Wlicn  the  %'apor  has  ex- 
pellefl  all  the  air,  and  is  no  longer  seen  to  issue  from  the  tube,  the 
bull)  contains  nothing  but  the  vapor.  The  tip  of  the  tube  is  then 
sealed  with  a  blow-pipe.  The  temperature  of  the  bath  is  taken  and 
the  barometer  is  read.  When  the  bulb  has  cooled,  it  is  weighed  for 
the  second  time.  The  tip  of  the  tube  is  next  filed  off  under  water, 
which  rushes  in  and  tills  the  bulb  almost  entirely,  A  third  weighing, 
which  should  include  the  portion  of  the  neck  filed  off,  gives,  after 
subtraction  of  the  weight  of  the  vessel,  the  content  of  the  bulb.     From 
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tiie  content  and  iLe  teniperiituTe  and  pressure  at  the  time  of  the  first 
Weighing,  we  eah'ulate  the  weight  of  air  which  tlie  bulh  originally 
fonUiiiied.  U'hen  fhls  ix  sitbtrafteil,  we  obtain  tJie  weight  of  the  empty 
buUi.  Subtracting  that  iu  turn  from  the  second 
weighing,  we  get  the  weight  uf  the  substance 
whit-li,  in  the  state  of  vapor,  just  filled  tlie  bulb 
at  the  temperature  of  the  bath  (say  100°)  and 
at  the  pressure  indicated  by  the  barometer. 
From  tliese  data  we  calculate  the  density-  re- 
ferred to  hydrogen  (or  air)  as  unity. 

The  reduction  to  0^  and  760  nun.  pressure 
liy  rule  gives,  of  eoiirae,  a  fictitious  result. 
The  vapor  ivouhi  condense  to  the  liqtiid  form 
before  0"  was  reached,  if  the  eooliug  were  aetu- 
Rlly  carried  out.  I'mt  the  value  for  the  density 
o5  it  would  hit  at  0°  and  760  mm.  has  to  be  cal- 
culated to  facilitate  comparison  with  the  cor- 
responding values  for  other  substances.  The 
results  have  no  physical  signiticance,  but  are  highly  important  to  the 
chemist. 


Fio.  30. 


Ejrerclitfn.  —  The  foregoing  cannot  be  understood  nnless  some 
protitems  involving  the  laws  of  gases  are  actually  wdiked. 

1.  Kednce  180  c.c.  of  gas  at  15°  and  750  mm.  to  0"  and  760  mm. 

2.  Reduce  lll>  e.c.  of  gas  at  —  fi'  and  741  mm,  to  0'  and  7G0  mm. 

3.  Convert  500  c.c.  of  gas  at  25^  and  700  mm.  to  18"  and  7-10  mm. 

4.  A  Dumas  bulb  full  of  air  weighs  13.3125  g.  After  being  filled 
with  the  vapor  of  carbon  tetrachloride  at  100°,  it  weighs  13.7969  g, 
Filled  with  water  it  weighs  141,3  g.  The  barometric  reading  (eorr.) 
Is  755  mm.  "What  is  the  vapor  density  referred  to  air  at  0°  and 
Tfifl  mm.  ? 

5.  The  density  of  a  suljstance  referred  to  air  is  3.2.  What  is 
the  iJen-sity  referred  to  hydrogen?  ^Yh:lt  will  be  the  volume  occupied 
by  10  g.  of  the  Bubstauue  at  20''  and  752  mm.  ? 


CHAPTER   VII 


HTDROOEN 

Hydroijen,  although  discovered  by  Paracelsus  in  the  sixteenth 
century,  was  confused  with  other  combustible  gases,  and  its  iudepeml- 
ent  nature  was  first  established  by  Cavendish  in  1T66,  Somewhat 
later  (1781),  the  latter  showed  that  hydrogen  when  it  burned  gave  water 
vapor,  of  whicli  he  condensed  a  large  quantity  to  the  liquid  form. 
Taken  in  conjunction  with  Lavoisier's  pioof  that  oxygen  was  the 
active  substance  in  the  air  (1777),  this  fact  showed  that  water  was  a 
compound  and  not  a  simple  substance.  The  new  element  was  named 
hydrogen  (Gk.  vSmp,  water ;  ytmav,  to  produce). 

Occurrenee,  —  The  free  element  is  found,  mixed  with  varying  pro- 
portions of  other  gases,  in  exhalations  from  vnleanoes,  in  pocketa  found 
in  certain  layers  of  the  rnuk-salt  deposits,  and  in  some  meteorites.  The 
air  contains  a  mere  trace  of  it,  not  more  than  one  part  in  .^0,000,  Its 
lines  are  very  prominent  in  the, spectrum  of  the  sun  aud  of  most  stars. 

In  combination,  it  constitutes  about  11  per  cent  of  water.  It  is  an 
essential  constituent  of  all  acids.  It  is  contained  also,  in  combination 
with  carbon,  in  the  components  of  natui-al  gas,  petroleum,  and  al, 
animal  and  vegetable  bodies. 

We  have  seen  (p.  83)  that,  uRtng  the  physical  unit  of  weight,  which  is  the 
same  for  aJt  BubHtances,  Lite  elemeni  iiydragcn  stnuds  nintl;  in  order  of  plentiful. 
ness.  But  the  cfteniifoi  woilc  that  elements  can  do  should  rather  be  reckoned  by 
the  relative  numbers  of  atomic  wi-jijtlits  which  are  available.  When  Clarke's  num- 
bers urn  recalculated  to  this  hri^iis,  and  thi?  uiiuiber  of  etiemical  unit  weights  of 
oxygen  is  called  100,  hydrogen  aasimies  a  position  more  in  tiarmony  with  Its  iin^ 
portance : 

Osyften  .     .     lOO.OO  Alumifiium. 

Hydrogen    .      30  10  MagneRium . 

miicQn    .     .      28.52  Hodium  .     . 


« 


8.  .57 

Iron  ,     .     . 

2.07 

3.20 

Calcium 

2.81 

a.n 

Fotaaalum  . 

'iM 

AcMa,  —  In  making  hydrogen,  the  acids  are  used  almost  exclu- 
sively. Hence,  some  statements  in  regard  to  their  nature  must  be 
made  before  we  can  use  tliem  intelligently. 
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The  ooinmon  acids  are  hydrochloric  acid  (HCl,  Aq),  sulphuric  acid 
(HjSO^,  Aq),  and  nitric  acid  (HNO,,  Aq).  The  usual  forms  are  mix- 
tures containing  water,  the  variable  amount  of  the  latter  being  indi- 
cated by  the  symbol  Aq.  The  lirst  is  a  solution  uf  a  gas,  hydrogen 
chloride.  The  "pure  concentrated"  hydrochloric  acid  used  in  lab- 
oratories contains  nearly  as  much  of  the  gas  (.'W  per  cent  by  weight) 
as  the  water  can  dissolve.  When  heated,  it  readily  gives  up  part  of 
the  gas,  and  the  effervescence  attending  this  must  not  be  mistaken  for 
evidence  of  chemical  action.  The  "  commercial "  acid  contains  im- 
purities and  is  also  less  concentrated.  The  ''concentrated''  sulphuric 
acid  is  an  oily  liquid  containing  practically  no  water.  The  "  com- 
mercial "  sulphuric  acid  contains  0  to  7  per  cent  of  water,  besides 
impurities.  The  "pure  concentrated  "  nitric  acid  contains  70  per  cent 
of  liquid  nitric  acid.  The  "  commercial"  acid,  53  to  GL'  per  cent  and 
impurities  in  relatively  small  amounts.  Acetic  acid  (HC,H,0,.  Aq) 
ia  a  solution  of  a  liquid  in  water.  All  the  "dilute"  acids  contain  90 
to  05  per  cent  of  water.  The  water,  as  a  rule,  takes  no  part  in  the 
chemical  changes  in  which  the  acids  are  concerned,  and  is  therefore 
omitted  from  the  equations. 

The  name  "  acid  "  is  restricted  to  one  class  of  substances  having  cer- 
tain definite  characteristics.  Hydrogen  is  the  only  essential  constitu- 
ent of  all  acids,  When  f I'ee  from  water  they  do  not  conduct  electricity. 
Their  aqueous  solutions  have  a  sour  ta^te  and  change  the  color  of 
litmus  from  blue  to  red.  We  shall  note  presently  two  other  prop- 
erties which  acids  show  when  dissolved  in  water  :  —  They  conduct  and 
are  decomposed  by  tlie  electric  current,  and  their  hydrogen  (or  one 
unit  weight  of  it  in  the  case  of  acetic  acid)  ia  displaced  by  certain 
metals. 

In  describing  the  chemical  behavior  of  acids,  we  speak  of  the 
material  combined  with  the  hydrogeu  as  the  negative  radical  (see  next 
section).  Thus  the  negative  ra<licals  in  the  above  acids  are  ("I,  SO,, 
N0„  and  CjH,Oj,  respectively.  The  first  (CI)  is  a  simple  radical,  the 
others  complex.  In  many  interactions  the  complex  radicals  move  as 
units  from  one  state  of  combination  to  another. 

Prepnratton  of  Ilj/tlrogen  by  Elect rolj/siii,  —  A  supply  of 
free,  unmixed  hydrogen  not  existing,  we  are  compelled  to  prepare  it 
from  compounds  by  the  two  general  plans  (p,  63)  used  for  liberating 
simple  substances,  ^^'^1en  the  first  plan,  the  direct  application  of 
eaergy,  is  employed,  we  find  that  electricity  serves  the  purpose  best. 
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The  common  compounds  ot  hydrogen,  like  hydrogen  chioride  aud  water,  are 
not  easily  decomposed  by  heat,  and  iu  most  ciises,  at  bust,  a  miiiure  of  gases  wuuld 
be  obtitined.  The  difficulty  iit  stiparatiiig  the  ruj>uliiug  ^ases  miikeis  the  tue  of  this 
forni  ot  energy  iiusiiilablo.  On  account  of  lla  ability,  not  only  to  liberate  tli«  uun- 
ititiients  from  coinbinatinii.  but  also  to  deliver  the  punitive  and  ibe  negalive  paru 
of  tlie  compound  in  aepni'ate  places,  electricity  aloue  is  available. 

If  we  dissolve  ant/  acid  in  water,  aud  immerse  the  wires  from  a 
battery  in  the  sohition,  bubbles  of  hydrogen  begin  to  appear  on  the 
negatiue  wire  (the  cathode)  aud  rise  to  the  surfaee,  All  the  other  con- 
stituents, whatever  they  may  be,  are 
attracted  to  the  positive  wire  (the  anode) 
aud  are  st't  free  in  some  I'oini  at  its 
surface.  It  is  ou  account  of  this  be- 
havior of  the  rad)f;ils  of  a(!ids  that  they 
are  known  as  "negative"  radicals.  An 
apparatus  devised  by  Hofniaim  (Fig.  31) 
enables  us  to  secure  the  hydrogen,  which 
ascends  ou  the  left  and  accumulates  at 
the  top  of  the  tube,  displacing  the  solu- 
tion. The  other  products,  if  gaseous, 
occupy  a  separate  tube  ou  the  right 
aide.  The  solution  displaced  by  tlie 
gases  is  forced  down  autl  mounts  iuto 
•  the  bulb  behind.  The  t^urrent  of  elec- 
tricity Hows  from  one  wire  to  the  otlier 
IL-Illn  through  the  cross-tube.      In  the  typical 

ijCjn  case,  with  a  properly  selected  acid,  t!ie 

J      T ,  production   of   hydrogen   ceases   Avhen 

a^         -  -844^  tjie  acid  is  all  decomposed.     The  water 

/""^  alone   is  an  almost  complete  noncon- 

j^PCs^  '     ductor,  so  that  the  flow  of  the  electricity 

g^T       ^^  practically  ceases  at  the  same  time.    Tf 

Tio.  31.  the  operation  does  not  come  to  rest  in 

th.is  way,  its  contintiaiu'e  is  due  to  the 
regeneration  of  conducting  substances  by   the   interaction  with   the 
water  of  the  materials  of  the  i-atlica!  liberated  at  the  positive  electrode. 
When  hydrochloric  acid  is  u.sed,  we  have  a  close  approximation  to 
the  typical  case.     The  equation  is : 

HCl  — r  H  (neg.  wire)  +  CU  (pos.  wire), 

aud  the  dilofine,  a  soluble  gas,  remains  dissolved  in  tlie  water  near  one 
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{tole.     When  sulphuric  acid  is  employed,  the  equation  is : 

IljSOj  -->  2H  (neg.  wire)  +  SO^  (pos.  wire), 
and  the  SO,  interacts  with  the  water  (see  Discharging  potentials),  thus : 

Hence  oxygen  comes  off,  and  the  substance  regenerated  13  here  sul- 
phuric acid  itself.  The  final  results  are,  therefore,  the  liberation  of 
hydrogen  and  of  oxygen  and  the  localization  of  the  regenerated  acid 
rtiuud  the  positive  electrode. 

It  is  worth  noting  that  the  acids  and  water,  taken  separately,  are 
all  nonconductors.  The  fact  that  the  mixtitre  does  conduct,  concomi- 
tantly with  the  decomposition  of  the  acid,  is  therefore  highly  sug- 
gestive. Solution  in  such  cases  must  be  something  more  than  a  mere 
physical  change  of  state  of  aggi'egatiou  (see  lotiizatiuu). 

It  i«  commonly  aasertcd  that  water  is  decomposed  by  a  cuiTent  of  electricity 
This  ia  true  in  tlie  sense  in  which  we  might  eiiy  that,  a  man  cau  carry  off  a  hill. 
He  may  evealually  remove  it,  if  you  give  him  time.  The  action  of  electricity  upon 
the  purcat  water  is  exceedingly  Blow,  on  account  of  the  very  minute  conductivity 
tor  electricity  which  it  possesses.  Couimnn  dintilled  water  owes  its  appreciable 
capacity  for  conducting  cliiefly  to  traces  of  an  acid,  namely,  carbonic  acid,  whicli 
U  contains.  Even  when  the  wat«r  is  saturated  with  carbonic  acid,  however,  dilute 
[pburic  soid  has  a  conductivity  of  tlie  order  of  a  tliousand  limes  greater.  For 
prcBent  purpose,  therefore,  water  la  declined  to  be  a  nonconductor.  Ygi,  aa 
we  shall  see,  ibe  conductivity  of  pure  water,  small  im  it  is,  baa  to  be  taken  into 
consideration  in  certain  cases  (see  tlydrniyfiis  and  Electromotive  cbemlstry). 
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Prepm'ntion  of  Hydrogen  by  Dittplaretnent  from  Diluted, 
Acids.  —  By  use  of  the  second  ]ilau  for  [iterating  elements  (p.  63),  hy- 
drogen may  be  obtained  from  acids,  through  substitution  for  it  of  some 
element  with  which  the  negative  radical  will  unite. 

The  acids  mH»t  he  diluted  with  water  before  rapid  action  occurs. 
The  substances  capable  of  displacing  hydrogen  from  them  ai'e  certain 
of  the  metals,  like  zinc,  iron,  and  aluminium.  The  hydrogen  escapes 
in  bubbles,  and  evaporation  of  the  reriiainJng  liquid  gives  in  diy  form 
the  compound  of  the  metal  with  the  other  constituents  of  the  acid. 
Thus,  with  zinc  and  sulphuric  acid,  zinc  sulphate  is  produced : 

Zu  -h  H,S0,->2II  +  ZnSO^; 

and  with  tin  or  aluminium  and  hydrocMoric  afiid  we  get  stannous 
chloride  or  aluminium  chloride : 


J 


Sn  +  2HC1 
(Tin) 
Al  +  3HC1 
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.  2H  +  SnCl, 

OUiiiiotia  chloride) 
.  311  +  AlCl, 


The  watei  undergoes  no  change  during  the  action,  although  its  presence 
is  essential.  It  is  simply  a  part  of  the  apparatus.  Any  acid  may  be 
used,  although  with  many  the  action   goes  on  very  slowly.      In  all 

cases  the  plan  of  the  action  is  the 
same  :  the  metal  is  said  to  displace 
the  hydrogen  (ace  Ijelow). 

The  apparatus  for  generating 
small  amounts  of  hydrogen  (Fig.  32) 
is  arranged  so  that  additional  acid 
may  be  added  through  the  thistle 
or  safety  tube.  This  avoids  ad- 
mission of  air.  With  a  Kipp's 
apparatus  (Fig.  33)  the  gas  may  be 
made  on  a  larger  scale  and  its  de- 
livery can  be  regulated.  When  the 
stream  of  gas  is  shut  off  by  the 
stopcock,  the  pressure  of  the  gas, 
SS  it  continues  to  Ije  generated, 
drives  the  acid  away  from  the  nnetal 
and  up  into  the  globe  above,  so 
that  the  action  ceases.  Yet  the 
action  is  ready  to  l>egin  again  the 
moment  any  portion  of  the  stored 
gas  is  draivn  olT  for  use. 
A  rather  sharp  line  can  be  drawn  between  those  metals  which  dis- 
place hydrogen  from  dilute  acids  and  those  which,  like  mercuiy, 
silver,  and  gold,  do  not  (see  Eleetromotive  series  of  the  metals). 

Contact  of  the  zinc  or  iron  with  an  inactive  metal,  like  platinum, 
always  hastens  the  interaction,  and  therefore  renders  the  evolution  of 
the  hydrogen  more  conspicuous.  Such  an  arrangement  is  called  a 
couple,  and  its  efficiency  depends  on  the  electric  states  of  the  two 
metals  (see  Solution  tension). 

When  water  is  not  used  along  with  the  acid,  the  latter  is  either 
inactive  or  undergoes  a  dil?erent  sort  of  chemical  change.  Thus,  dry, 
gaseous  or  liquefied  hydrogen  chloride  hardly  interacts  at  all  with 
zinc.  Pure,  concentrated  sulphuric  acid,  on  the  other  hand,  although 
almost  imuffected  by  zinc  iu  the  cold,  is  vitiU^ntly  decomposed  when 
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he&t^.  The  action,  however,  is  not  a  simple  displacement  (see  below) 
of  tlie  hydrogen.  The  ox^'gen  is  removed  from  a  part  of  the  acid,  and 
water  and  hydrogen  sulphide  are  formed  : 

4Zn  +  6n,St\  -^  4ZnS0,  +  4H3O  +  H^S. 

Preparation  of  Hifdroffen  from    Wftter.  —  Every  one  of   the 

metala  which   act  ou  dilutu  acids  will  also  displace  hydrogen  from 

water,  sod  no  others  will  do  so.     Only 

the  more  active  metals,  like  potassium 

and  sodium,    which   would    act    with 

luicottlrollable  vigor  on  dilute    acids, 

can    displace   the    hydrogen    rojiitity 

from  cold  water.    Magnesium  and  zinc 

ahov  obTiOus  action  ou  wat«r  at  1(W° 

only,  and  are  much  assisted  by  contact 

with  another  metal.     If  any  action  is 

to  be  perceived  in  the  cold,  the  iron, 

nickel,  Kinc,  and  tnagnesiuni  havi*  to  be 

used  in  a  state  of  fine  powder,  with 

great  surface. 

In  all  cases  in  which  cold  or  Ixiil- 
ing  water  is  eiii|»kiyed,  the  hydrogen 
of  the  water  is  not  coniplelely  dis- 
placed. The  metal  forms  an  hydrox- 
ide, gnch  as  sodium  hydroxide  or 
magnesium  hydroxide : 

Nu  -I-  H,0  —  H  -(-  NaOH, 

Mg  -t-  2H.0  —  2H  -I-  Mb(OH),. 

Rodin m,  which  is  one  of  the  con- 
stituents of  common  salt,  may  he  used 
to  illustrate  this  sort  of  action.  As 
it  i.s  lif^hter  than    water,   it  must    be 

liehl  nnder  the  surface  by  means  of  a  piece  of  wire-gauzo  in  oidcr 
tliat  the  gas  may  he  collected  (Fig.  34).  Most  of  the  water  serves 
the  mechanical  purpose  of  permittijig  the  collectiou  of  the  gas,  and 
only  a  small  fraction  of  it  takes  part  in  the  change.  The  solution 
has  a  soapy  feeling  and  turns  litmii."!  from  red  to  blue.  This  color 
leactiou  is  the  precise  opposite  of  that  of  acids  (p,  93).     Substances 
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causing  these  two   effects   are   called  a/kalli-t.     Evaporation    of  tli 
resulting   very   dilute    solution    reveals   the   eojUiuu    hydroxide,    the 
alkali,  as-  a  white  solid. 

With  Bteam  iit  a  red  heat,  metals  like  iron,  zme,  and  magnesium 


^7 fjf*- 


FlO.  34. 


interact  vigorously.     The  metal  is  placed  in  a  tube  in  which  it  cau  l)e 
strongly  heated  (Fig.  SiT*.     The  steam,  generated  in  a  fla.sk,  enters  at 
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one  end  of  the  tube,  and  the  hydrogen  passes  off  at  the  other.     Since, 
at  a  red  heat,  all  hydroxides,  except  those  of  potassium  and  sodiuai. 
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are  decomposed  into  an  oxide  of  the  metal  and  water,  Mg(OH),  — » 
MgO  +  HjO,  the  oxides  are  formed  io  this  tiase: 

Mg  +  H,0  —  MgO  +  2H. 

Iron  gives  the  niagnetic  oxide,  FojOj.  Hence,  to  make  the  equation, 
four  unit-weights  of  oxygen,  and  therefore  fonr  formula-weights  of 
water,  are  required : 

4HjO  +  Sra  -*  FejO,  +  8H. 

T«»fif. — The  effect  of  a  solution  of  an  acid  f p.  93)  or  an  alkali  (see 
above)  upon  litmus  solution  is  au  illustration  of  a  chemical  teit.  In 
this  case  a  mere  trace  of  a  highly  rolorud  Lixly  dissolved  in  water 
interacts  witli  a  correspondingly  minute  trace  of  .the  acid  or  alkali 
ouder  examination.  Yet  the  product  has  siu'h  marked  color  that  its 
presence  ia  immediately  recognizable.  Teats  for  various  kinds  of 
materials  are  eagerly  sought  by  chemists  for  use  in  identifying  un- 
known substances.  Any  property  which  is  so  conspicuous  as  to  be 
apparent  when  wry  little  material  is  concerned  will  serve  as  a  test. 
Thua  the  precipitatiou  of  calcium  c.arltonate  {p.  (i8)  enables  us  to 
recognize  the  presence  of  carbonic  acid.  The  test  consisted  in  the 
addition  of  lime-water. 

The  Other  Way»  of  Vrepnritig  Ifi/droffe^i.  —  For  special  pur- 
poses, hydrogen  may  be  made  by  boiling  an  aijuenus  solution  of  sodi- 
um hydroxide  with  aluniiniuui  turnings,  when  sodium  aluniinate  is 
formed:  Al  -|-  NaOH  -j-  H:,<>  — NaAlO^  4-  3H;  also  by  heating  pow- 
dered zinc  and  dry  sodium  hydroxide,  the  product  being  Hodium  zin- 
eate:  Zn  +  'J^iaiMl  — ►  N:i,jZi)t).^  +  2H.  It  may  likewise  be  made  by 
electrolyzing  solutitms  of  compounds  of  metala  which,  when  free,  dis- 
]ilac<»  hydrogen  from  cold  water.  Thus  electrolysis  of  sodium  chloride 
or  sodium  hydroxide  in  aqueous  solution  lilH'rates  chlorine  at  tlie  posi- 
tive wire  and  hydrogen  and  sodium  hydroxide  (p.  97)  at  the  negative 
wire  (see  Discharging  potentials,  t'hap.  xxxviii). 

D(»plttrfmi»t.  —  We  now  have  before  us  illu.strations  of  two  aub- 
vartcties  of  the  third  kind  (p.  15)  of  chemical  change.  In  this  kind, 
rompounda  are  decomposed  and  the  parts  combine  in  a  new  way. 
The  first  sub-variety  was  rlnuble  deetimpoMition,  as  in  the  action  of 
Bodium  chloride  upon  silver  nitrate  : 

NaCl  -I-  AgNO,  -►  AgCl  +  NaNO, .   . 
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In  this  class  of  casea  two  com  pn  it  nils  interact,  etidj  spHta  into  the 
radicals  tif  which  it  is  foraposed,  nud  tito  vi-ir  vumjjou/iJ^  aio  formed 
by  union  of  the  radicals  crosswise.  The  actions  used  in  the  prepara^ 
tion  of  hydrogen  diffi^r  from  these  inasmuch  as  one  compound  and  one 
element  Interact,  the  compound  splits  into  Its  radicals,  aad  one  com 
pound  aDd  one  free  element  a.re  produced 


Zii  +  H,SO,  - 
Zn  +  i'NaOH 


-» Na^ZnO^  +  2H. 


4 


The  former  element,  here  the  zinc,  is  said  to  displace  the  latter,  here 
\.\m   hydrogen,   from    combination.     In    double   decomposition    there 

is  an  ei'en  exchaiiffe,  the  sodium, 
for  example,  giving  up  one 
radical  (CI),  and  getting  another 
(NOj),  whereas  in  displacement 
one  element  gain,s  a  radical 
while  another  loses  it,  the  zinc, 
for  example,  giving  up  nothing 
but  getting  SO^,  while  the 
Iiydrngen  loses  SO,,  and  gains 
nothing  in  return. 

It  should  be  noted,  tliat 
although  in  the  former  of  the 
above  illustrations  the  Ag  may 
be  said  to  displaitie  the  Xa  from 
combination  with  the  CI,  the 
term  dif/Jure  is  used  techni- 
cally  only  when  the  element 
condition. 


Fig.  30. 


displaced   escapes    in   the    free 


furlftcatiou  of  Odsi'n.  —  Hydrogen  made  in  any  of  the  above 
ways  is  impure  (p.  ,'U).  As  m;wie  by  the  first  three  inetliods,  a  good 
deal  of  water  vapor  is  mixed  with  it.  Other  impurities,  like  hydrogen 
sulphide  and  arsinc,  come  from  t!ie  action  of  the  acid  on  foreign  mate- 
rials in  the  zinc(p,  95).  Some  of  the  acid,  if  it  is  volatile,  will  also  be 
taken  over  with  the  gas.  When  the  object  for  which  the  giis  is  being 
made  demands  it,  we  must  know  what  the  impurities  to  be  expected 
are,  and  take  proper  means  of  removing  them. 

Gases  are  freed  from  aqueous  vapor  by  means  of  calcium  chloride 
or  concentrated  sulphuric  acid,  which  greedily  absorb  moisture.     The 
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former  is  used  in  granulateil  form  in  straight  or  bent  tultes  (Fig.  3G). 

The  latter  is  applied  bj  saturating  pieces  of  piiraice-stont)  with  the 

acid  and  filling  similar  tubes  with  the  fragments.     Or  the  acid  may 

be  placed  in  a  gas  washing  bottle  (Fig.  37).     For  dxtremely  complete 

dtjiiig,  a  tube  may  be  filled  with  phos- 
phoric   anhydride    sifted    upon    glass 

beads  or  glass  wool.     Forethought  must 

be  used  to  avoid  a  drying  agent  which 

will  interact  with  gas,     The  longer  the 

gas  remains  in  contact  with  the  drying 

agent,  the  more  perfect,  up  to  a  certain 

limit,  is  the  purification  effected.      In 

all  cases,  the  stream  of  gaa  must  pass 

slowly. 
^_^     Particles   of  liquid  or  solid   mutter 
^^pe   always    carried   along   l>y    freshly 
^Bkade  gases.     These  will  pass  witli  the 
^^as    thruugh    sulphuric    acid    without 

being  affected,      A  plug  of  cotton  or 

of  glass  wool  in  smne  part  of  the  tubing 

is  required  to  arrest  them. 


W 
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J'a fence.  —  We   shiill   gain    much 
help  in  the  making  of  equations  if  we  fiu.  37, 

now  introduce  and  bring  into  relation  to 

*  syml)ols  a  conception  for  which  the  remarks  about  atomic  weights 
fiO)  have  pa%'ed  the  way.  It  will  have  been  observed  that  the  com- 
position of  the  chlorides  of  ahimiuiuni,  tin,  and  sodiiuu  are  represented 
by  the  formulae  AK'l,,  SnCl^,  and  NaCl  respectively.  Again,  the  hy- 
droxide of  sodium  is  NaOlI,  while  those  of  magnesium  and  calcium  are 
Mg(OH\  and  Ca{OH'),.  In  making  equations  we  constantly  need  to 
know  whether  the  chloride  of  an  element,  say  magnesium,  is  MgCl,  or 
Mgl'lj,  or  MgCl,,  or  MgClj,  etc.,  and  whether  its  sulphate  is  MgSO^, 
or  MgjSO,,  or  some  other  combination  of  the  symbols.  To  answer 
questions  like  this  it  is  not  necessary  to  know  the  formula  of  every 
Ciimpound  of  each  element  r  the  apparent  disorder  of  these  numbers 
can  be  reduced  to  rule,  and  the  reader  should  endeavor  thoroughly  to 
master  the  rule  before  going  farther. 

If  the  method  by  which  the  atomic  weights  were  derived    from 

jolralents  (p.  50)  ia  now  reftjtarained,  the  nature  of  this  rule  will  bo 
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seen.  It  was  foimd,  for  example,  that  9.03  paits  of  ahimiuium  (p.  50) 
combined  with  the  equivalent  weights  of  the  other  elements,  and 
therefore  with  35.45  parts  of  chlorine.  If  this  weight  of  aluminium 
had  been  accepted  as  the  final  iiuit  (the  atomic  weight),  then  it  would 
have  been  represented  by  the  symbol  Al,  and,  since  CI  stands  for 
35.45  parts  of  chlorine,  the  formula  of  the  chloride  would  have  been 
AtCl.  In  point  of  fact,  Itowi-ver,  a  number  three  times  as  large  as  the 
equivalent,  namely,  27.1,  was  chosen  as  the  atomic  weight  of  alumin- 
ium, and  symbol  Al  stands  for  this  triple  (quantity.  If  the  equivalent 
of  chlorine  had  also  been  tripled  in  making  its  atomic  weight,  the 
amounts  represented  by  the  symbols  would  still  have  been  chemically 
eqviivalent,  and  the  formula  would  still  have  been  AlCl.  But  the 
equivalent  of  chlorine  was  left  unalteretl.  Hence,  to  get  the  equiva- 
lent amounts  (i.e.,  the  aetual  <"ombitiing  quantities)  of  the  two  elements, 
we  must  have  3C1  with  lAl.  The  formula  is  thus  AK'lj.  Now,  it 
is  evident  that  this  tripling  of  the  equivalent  of  aluminium  will  afifect 
the  formulas  of  all  its  comptninds.  Whenever  it  is  combined  with  an 
element  which,  like  eblorine,  lias  identical  equivalent  and  atomic 
weights,  the  formula  of  the  compound  will  be  of  the  form  AIX,.  In 
accordance  with  this  we  have  the  bromide  AlBr,.  In  making  the 
formulse  of  compounds  of  aluminium,  the  chief  thing  to  be  kept  in 
mind,  therefore,  is  the  fact  that  its  atomic  weight  contains  three 
equivalents  and  always  combines  with  three  equivalents  of  another 
element.  This  fact  we  state  by  saying  that  the  valence  of  the  atomic 
weight  of  aluminium  is  three,  or  simply  that  tbe  etemeDt  alumlaiirm  ii 
trlvalent. 

Similarly,  the  equivalent  of  tin  is  59.5  and  its  atomic  weight  is 
119.  This  atomic  weight  therefore  contains  two  equivalents  of  tin 
and  combines  with  two  equivalents  of  any  other  element.  Hence, 
the  formula  of  a  compound  of  tin  with  an  element  of  the  chlorine 
class  will  be  SnX,.  Thus  tin  is  bivalent.  In  like  manner  the  equiva- 
lent of  sodium  is  23,  and  this  number  was  not  altered  in  making  the 
atomic  weight.  Hence,  the  symbol  Na  stands  for  one  equivalent,  and 
the  formula  of  the  compound  with  chlorine  is  NaCl.  Elements  whose 
atomic  weights  are  identical  with  their  equivalents  are  described  as 
univalent. 

Thus  the  valence  of  an  element  may  be  defined  as  the  nutaber  of 
equivalent  weights   contained  in   its   atomic  weight.     Arithmetically      " 
it  is  the  integer  by  which  the  equivalent  weight  was  multiplied  in     i 
forming   the  atomic   weight,      The   above    explanation   shows   that  - 
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we  may  define  the  valence  of  an  element  also  as  tlie  number  of 
atomic  weights  of  a  univalent  element,  with  which  its  atomic 
weight  will  combine.  A  more  complete  detinition  will  be  given  pres- 
ently. 

Sometimes  the  valence  ia  indicated  in  the  symbol  thus:  Al'"» 
Sn",  Na',  Cl',  Br'.  The  table  of  atomic  weights  (p.  50)  shows  the 
following  additional  cases:  0",  Cu",  S",  Hg",  H',  Fe",  Mg",  C'''. 
With  the  help  of  this  list  the  forniulaj  of  compounds  may  easily  be 
made.  Thus,  oxygen  is  bivalent,  and  an  atomic  weight  of  oxj'gea, 
representetl  by  O,  will  combine  with  two  atomic  weights  of  a  univalent 
element  as  in  0"H./  (water),  or  with  one  atomic  weight  of  a  bivalent 
element  as  in  0"Bn"  (stauuuus  oxide),  0"Hg"  (mercuric  oxide),  0"C'u" 
(cupric  oxide),  0"Mg"  (magnesium  oxide).  Again,  carbon  being  quad- 
rivalent, the  atomic  weight  combines  with  four  units  of  chlorine  and 
of  hydrogen  in  C'^'Cl/  (('avbon  tetrachloride)  and  C"  H^'  (methane), 
or  with  two  units  of  oxygen  and  of  sulphur  in  C"'Oj"  (carbon  dioxide) 
and  C'^S,"  (carbon  diaulphide).  When  it  combines  with  a  trivalent 
element,  equal  numbers  of  equivalents  of  each  element  must  be  used, 
as  in  Cj'^Al^'"  (alumiuium  carbide),  where  C,  and  Al^  contain  twelve 
equivalents  each.  This  method,  with  exceptiotis  to  l3e  noted  below, 
will  give  the  formula",  of  all  compounds  containing  only  two  elements 
—  so-called  binary  compouDds. 

The  above  mode  of  handling  valence  is  based  upon  the  notion  of 
com/iiyiatluH  in  equiv;ilent  proportions.  Another  variety  of  chemical 
change,  namely  di^p/fir/'mi'rif  (p.  99),  is  often  of  assistance  in  enal> 
ling  us  to  determine  the  valence  of  an  element.  It  will  be  noted 
that  when  Al  acted  upon  hydrochloric  acid  (p.  96)  and  combined 
with  3C1,  it  necessarily  displaced  the  3H  with  which  the  3C1  was 
formerly  united.  It  was  eqniDahid  to  3H  for  the  purpose  of  holding 
3C1  in  combination.  It  is  from  thia  aspect  of  the  relation  that  the 
word  "  valence  "  comes,  Al  ia  equi-valent  to  3H,  and,  H  having  the 
unit  valence,  Al  is  trivalent.  Similarly,  since  one  atomic  weight  of 
zinc,  represented  by  the  symbol  Zn,  displaces  2H  (p.  9ff),  zinc  must 
be  bivalent.  Combining  this  with  the  former  conception,  we  reach  the 
common  definition  of  the  valence  of  an  element :  TSe  valenee  of  the 
atomio  'Weight  of  an  element  Is  the  nnmber  of  atomic  'weights  of  hydro- 
gen, or  of  some  other  uni'^alent  element,  ^rbloh  it  comblaea  with  or 
displaces. 

Formulae  are  often  writt.en  so  as  to  show  the  valence  plainly. 
Thus,  K^Cl  indicates,  by  the  single  line,  that  each  element  is  uni- 
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Talent.     Two  or  more  linea  meeting  at  a  symbol,  indicates  that  that 
element  is  bivalent  or  trivalent : 


/CI 

Al-Cl, 
\C1 


Mg 


/CI 
xCl- 


Mg  =  0,     0  =  Ft=;-0-Fe  =  0. 


Fe=0 

>o. 

Fe=0 


I 


Here  Al  and  ¥e  are  trivalent,  Mg  and  O  bivalent.  Tlie  lines  may  lie 
drawn  in  any  liiruction,  as  the  last  two  fornuilje  show.  As  many 
lines  proceeil  from  each  symbol  as  will  represent  its  valence.  The 
resulting  structures  are  called  grapliic  formulae. 

The  Valfnre  nf  Itttflieniit, —  In  the  itrecediiig  aoetion  it  has  lieen 
seen  that  the  valenei?  of  elements  can  ea.sily  be  determined  when  they 
are  present  in  binary  combination.  This  is  no  longer  the  case  when 
more  than  two  elements  are  united  tugether.  A  study  of  chemical 
changes  shows,  however,  that  even  here  the  conception  of  valence  can 
still  be  employed.  In  the  interaction  of  zinc  with  dilute  sulphuric 
acid : 

Zn  +  H.,.SO,  -V  ZnSO,  +  2H 

the  group  SO,  pa-ssea  as  a  whole  from  corabination  with  2H  to  com- 
bination with  Zn.  Hence,  although  we  cannot  by  inspection  deter- 
mine the  valence  of  sulphur,  we  do  perceive  that  the  radical  SO,,  as  a 
wliole,  must  be  bivalent.  It  occurs,  in  fact,  in  all  sulphates,  as  Ag^SO^ 
MySO,,  and  A1.,(S0,)|„  and  in  the  interactions  of  these  substances  it 
usually  passes  intact  from  one  state  of  combination  to  another,  and 
Ijehavea  as  if  it  were  a  unit  of  a  single  element  of  valence  two.  Again, 
in  the  interaction  of  salt  with  silver  nitrate  (p.  99),  we  ob.serve  that 
the  radical  N<  *,  is  univalent.  Still  again,  the  compositions  of  the  com- 
pounds CaCL,  and  ('a(OH),  sbnw  that  the  radical  OH  (byilroxyl)  is 
univalent.     The  formula  XaOH  leads  to  the  same  conclusion. 

This  adilitioii  to  our  ideas  enables  us  greatly  to  extend  the  list  of 
substances  uf  wliicli  we  can  write  the  formu1;c.  Thus,  the  hydroxides 
all  (OTitain  (OH/,  r..;/.  Ar'\OH)/  (aluminium  hydroxide),  Sn"(OH)j' 
(.stannous  hydroxide),  Cu"(OH),'  (cupric  hydroxide).  The  nitrates 
all  contain  (N0,)>^  as;  H'(>*0„)'  (nitric  acid),  Mg"(NO,),'  (magnesium 
nitrate).  It  is  to  y>reserve  the  identity  of  the  ratlicals  that  we  write 
them  in  brackets  and  place  the  factor  outside,  instead  of  using  the 
forms  AlOjHj,  MgX,0„  and  so  forth.  In*  fact,  we  regard  as  binary 
compounds,  substances  which  commonly  interact  as  if  the  radicals 
were  single  elements.     In  all  actions  in  which  the  radicals  preserve 
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Ihoir  integrity,  the  conception  of  valeiiue  proper  to  biiuiry  uonipoutuls 
lay  be  used  for  the  luote  uoiuplex  uumpoumla  also, 

ITout  to  A»rertnin  the  Vah-tire  nf  an  Klcmetit  «*•  lindical. — 

The  above  shows  that  the  valeniie  of  one  element  or  radiual  may  ul- 
rays  he  asf^ertiuned  liy  exaiiiinntion  of  the  formula  of  a  {•oiupodiid 
sntaining  another  element  or  railical  of  known  valenne.     Thus,  when 
re  know  the  formula  of  sodium  iodide  to  be  Na'l,  or  that  of  hydro- 
en  iodide  to  be  H'I,  we  iuTer  that  iodine  is  univalent.     The  formula 
)f  silica  (sand)  SiOj"  shows  silioon  to  h{}  quadrivalent,  and  indicates 
that  tho  chloride  must  be  SiCl,.     Similarly  the  formula  of  calcium 
irbonate  Ca'^'O,  shows  that  the  radical  (.'Oj,  which  is  common  to  all 
Kirbonates,  must  bo  bivalent.     Hence,  the  chemist  d(M>s  not  memorizo 
lie  valences  themselves;  he  recovers  them  when  needed  by  recalling 
*%!io  formula  of  a  compound   containing  a  more  familiar   element  or 
radical. 

It  ia  absolutely   essimtial    that  correct   valences   should  be   u.sed 
constructing  equation-s,  and,  at  iirst,  the  studcut  %vill  (iud  the   task 
no  means  easy.     He  should  give  special  attentiuu  tt)  this  mat- 
T  niiii],  by  solving  the  exercises  at  the  end  of  this  (^hapler,  and  by 
irefid  exam  i  nation  of  all  the  equations  encountered  in  the  text,  he 
ias  mastered  the  subject. 


Miitfi/tfe  Vftlfttfe  nnd  Eureeptional  VttHrtt.  —  Some  elements 
low  more  than  one  valence.  This  is  as  miudi  as  to  .say  that  an  atomic 
reight  of  such  an  element  may  fonii  stable  compouuds  with  two,  or 
|tven  more  different  numbers  of  equivalents  of  another  element.  This 
pt  has  already  been  mentioned,  for  it  is  implied  in  the  law  of  mul- 
tiple proportitms  (p.  41 ).  Thus  an  atojiiic  weight  of  tin  may  form 
jtwo  different  compounds  with  chlorine,  namely,  8n"C'L,  (stannoHjs 
loride)  and  Sn'^Cl^  (staniuV-  chloride).  Tin  behaves  in  the  same  way 
"towards  other  elements,  however,  and  we  have  a  nfrlea  of  sfcanno!« 
compoutida,  SuO,  .SnlJrj,  and  so  forth,  and  a  corresponding  series  of 
I  stannic  compounds,  SnOj,  SuBr,,  etc.  Two  different  valence."!  of  the 
^BMiuiie  element  or  radical  K'ves  rise  therefore  to  two  complete  seta  of 
^^Boui pounds.  The  nomenidature  used  to  distinf^uish  the  two  series 
^^Bas  lieen  discussed  before  (p.  70).  As  a  rule,  an  element  pa.sses  from 
^*tme  form  of  combination  to  another  without  change  of  valence.  But 
compounds  of  elements  like  tin  can  also  undergo  changes  in  course 
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of  wUich  the  valence  alters.     Cases  of  this  kind  will  be  *'onsidered 
when  they  arise  {se6  Preparation  of  uhlorine). 

The  regulsj*  valence  of  an  element  cannot  be  learned  b;  examining  the  com- 
position of  a  compound  choseii  at  rauilom.  Tlius  FeS,  lIjS,  HgS,  iind  other  com- 
pounds sliovv  Riilplmr  to  be  bivalent.  Tbere  is  also  a  series  in  wliieli  .tulpliur  is 
cexivaleiit,  as  in  SO,.  But  the  compound  S^t  • ,,  in  wliich  Hulplmr  appears  to  be 
trivaJent,  is  an  Isolated  case.  Agjiin,  Fef),  FeS.  FeCl,  sliow  iron  to  be  bivaJetit, 
and  FeCI,,  FOjfSO,),,  etc.,  sbiiw  it  to  bo  also  trivaleut.  But  Fefi,,  liie  magnetic 
oxide,  ia  an  exception.  Valence  liaa  to  do  mainly  witb  cbemical  interactions,  in 
wliicli  the  element  either  passes  from  one  state  of  cnndiiiiation  to  another  vritbont 
change  of  valence,  or  goes  over  into  a,  coiiiponiid  of  another  regular  seriea  witb 
anotlier  regular  valence.  It  is  not  a  uiatter  of  statics.  Henci',  quetitiona  as  to  tlie 
magnitude  of  the  valence  iu  isohited  compounds  like  Fe,0,,  SjO,  and  so  forth,  are 
at  pre.s«in,  of  minor  importance. 

A  definition  of  valence  differing  from  those  given  above  is  preferred  by  naany 
chemists.  The  atomic  weiglit  of  a  univalent  element  can  hold  but  one  unit  of  an- 
other element  in  combination.  Thus,  the  weifilit  of  chlorine  represented  by  CI  can 
hold  but  one  H  or  one  Na  In  combination.  Anatomic  weight  nf  a  bivalent  ele- 
ment, aitliou^li  it  combines  with  but  one  unit  of  another  bivalent  element,  may 
hold  as  many  as  two  units  of  a  univnlent  element  in  combination.  But  it  cannot 
hold  more.  A  uint  of  a  trivalent  eleiuenl,  however,  may  hold  as  many  as  three 
units,  providtfd  tlie  other  eleuient  isunivatcnt.  In  this  point  of  view  the  valence 
of  an  elemeut  la  the  maxliaum  capacitj  of  its  atomic  freight  to  bold 
atomic  'weigbts  of  other  elements  In  combiuation, 

Valeiiffi  i»  oftt'ii  deiined  m  the  power  of  the  atomic  weiglit  of  one  element,  to 
hold  unitH  of  other  ek>mi:!iii.s  in  combination.  But  the  word  power  saggests  that 
valence  is  a  uie^nure  of  the  force  with  which  the  elements  are  beld  together, 
wherea.s  it  has  to  do  with  tlie  quantity  of  uiatter  oniy.  Gold  is  trivalent,  but  holds 
chlorine  with  Incomparably  leas  force  than  does  sodium  which  is  only  univalent. 


Fhffaical  Pt'(>pertie»  o/  Ilyilrogeii.  —  Some  of  these  may  be 
given  in  tabular  form  : 

Colorless  Crit  temp.,  about  —  234° 

Tasteless  8p.  Ht.  (gas),  3.4 

Odorless  Boiling-point,  -  252.5° 

IJetisity  {air  =  1),  0.0695  Melting-point  (58  mm,),—  2W 

Density  (H  =  1),  1  Sol'ty  in  Aq,  1.9  vols,  in  100  (14°) 
Wt.  of  11.,  0.08987  g. 

Air  ia  14.5  times  as  heavy,  hence  the  gas  may  be  poured  upwards 
and  ia  used  for  filling  balloons,  A  liter  flask  filled  with  air  requires 
about  1.2  g.  to  be  addttd  to  the  tare  t.o  restore  the  balance  v^hen  the 
air  is  dispaced  by  hydrogen.  Its  specific  heat  is  atout  seventeen 
times  that  of  oxygen  (0.2).  Its  thermal  conductivity  is  greater  than 
that  of  any  other  gas.      Heutie  a  wire,  raised  to   iucaadescentKJ   in 
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^  by  means  of  an  electric  current,  cannot  be  kept  at  a  red  heat,  even, 
the  same  current  in  hydrogeu. 

Hydrogen  was  first  liqueii*^d  in  visible  amounts  by  Dewar  (1898). 
The  Ii«iuid  is  colorless,  and,  wtien  allowed  to  evaporate  rapidly  under 
reduced  pressure,  freezes  to  a  colorless  solid.     All  other  gases  except 
helium  solidify  easily  when  led  into  a  vessel  surrounded  by  lirjuid 
I     hydrogen. 

^^L  Hydroi^en  is  absorbed,  for  the  most  part  in  a  purely  mechani- 
^%1  way,  by  many  metals.  Heated  irou  will  tiike  up  19  times  its 
l|  volume  of  hydrogen.  Under  sijnilar  conditions  gold  takes  up  4*5  vol- 
umes, platinum  in  fine  powder  50  volumes,  palladium  502  volumes, 
and  silver  none.  Tiie  maximum  absorbed  by  palladium  under  favor- 
able conditions  ia  873  volumes.  It  is  still  a  question  wliether,  in  the 
case  of  palladium,  a  part  of  the  g&s  ia  not  in  combination. 

IfijfHfiion.  —  If  a  volume  of  gas  is  inclosed  at  one  end  of  a  cylin- 
der, the  rest  of  wliitdx  is  entirely  empty,  awd  is  suddenly  released  from 
this  coufiuemeut,  it  spreads  with  extreme  speed  so  as  to  orcupy  the 
whole  of  the  cylinder  to  an  equal  degree.  This  spreading  ia  not  an 
effect  of  gravitation,  since  it  tjikes  phice  upwards  or  downwards 
with  equal  celerity.  The  same  pbenomeuoii  is  observed  when,  in  every- 
day life,  a  bottle  of  scent  is  opened.  The  vapor,  on  escaping,  begins 
to  penetrate  in  all  directions  through  the  room,  showing  its  presence 
by  its  odor.  The  motion,  as  this  instance  shows,  takes  jdaue  through 
a  space  occupied  by  another  gas  more  slowly  tlian,  but  just  as  surely 
as,  when  the  space  is  empty.  The  material  of  gases  has  in  fat't  an  in- 
dependent power  of  locomotion.  The  resulting  phenomenon  we  call 
diffusion.  It  ia  constant  in  rate  for  each  gas  under  like  conditions, 
and  hydrogen  has  the  greatest  speed  of  diffusion  of  all  the  gases. 


fc 


The  interdiHusion  of  jtases  and  the  abBCtice  nt  gravity  effect  may  be  shown 
uUaneoiisly.  A  j.ir  is  (iUeil  with  carbon  dioiidc  and  n  jar  of  air  is  inverted 
td  ptaceJ  motUh  to  niontii  wjtii  the  otlier.  After  a  few  minutes,  and  in  apite  of 
the  fact  that  carbon  dioxtdi*.  measured  in  bulli,  ia  one-Iialf  heavier  than  air,  as 
mnch  of  each  stm  will  be  fnuud  in  the  cylinder  of  the  other  an  iu  its  own.  Litne- 
water  (p.  08)  will  show  t!ie  presence  of  carbon  dioxide  In  the  upper  jar.  The  phe- 
nomena of  diffusion  mast  not  be  confused  with  cases  like  the  pnuriiig  of  hydrogen 
upward  to  displace  air  in  an  inverted  jur.  In  tbisi  c.iBe  the  paa  flows  en  innsse,  and 
llie  (fravity  effect  is  the  very  one  on  whieli  we  depend  for  the  success  of  tlio  experi- 
ment. It  is  when  hydrogen  sen  tiers  ithclf  in  a  Bomewlmt  slower  way,  and  down- 
wanl  and  .^iilewnys  as  well  aa  ujiwani,  that  we  have  dlfTujiion.  The  word  indicates 
tin.'  iKitUeri!)^  rather  than  Ihajiowinn  initnro  of  the  pUeuonienou. 
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TUe  ilifferent  nites  of  diffusion  of  difforeut  gases  are  easily  shown 
by  comjiariii^^  theii'  several  speeds  witli  tli;it  of  air,  wlieu  both  puss 
tbrougli  a  wall  of  uuglazed,  porous  porcelain. 

The  porous  cylinder  A  on  the  left  (Fig.  JJS)  contains  air  and  is  con- 
nected with  a  wide  tube  which  dips  beneath  the  surface  of  the  water. 
When  a  cylinder  Jf  contaiuinj,'  bydrogeH  is  brought  over  it,  rapid 
escape  of  gas  takes  place  through  the  water,  showing  that  a  rise  in 
pressure  has  taken  place  inside  the  porous  vessel.  Before  the  cylinder 
of  hydrogen  approached  it,  the  air  was  moving  both  outwards  and  in- 
wards through  the  porcelain,  but, 
lieing  the  same  air,  the  speed  of 
niivtion  was  equal  in  both  diree- 
tious,  and  therefore  the  pressure 
inside  was  not  affected.  It  is  im- 
portant to  note  that  there  was  at 
no  time  rest,  there  was  simply 
erjual  motion  in  both  directions. 
When  the  hydrogen  atmosphere 
suiroundwl  the  Cylinder,  the  hy- 
drogen gas  moved  more  rapidly 
into  the  cylinder  than  the  air  in- 
side could  move  out,  and  bence  an 
e-xccss  of  pressure  quickly  arose 
in  the  interior. 

The  cylinder  on  the  right  is 
similar,  but  a  ve.ssel  C  tilled  with 
carbon  dioxide,  a  gas  heavier  than 
air  (density  1.53,  air  =  1),  sur- 
rounds it.  Here  the  air  moves 
out  faster  than  the  gas  can  move 
in,  a  reduction  iii  pressure  takes 
place,  and  the  water  rises. 
Hxaxst  measurement  shows  that  the  lighter  a  gas  is  in  bulk,  the 
faster  il.'^  jiarts  move  hy  diffusion  in  any  direction.  The  rate  is 
inversely  proportional  to  the  .sijuaro  root  of  the  density  of  the  gas. 
Thus,  for  hydrogen  and  air  it  is  in  the  ratio  VT  :  V.0695,  or  3.8  :  1. 
For  air  and  rarboii  dioxide  it  is  Vl.53  :  Vl,  or  1.24  ;  1. 


fto.  38. 


Chetnif-fil  I'fffpt'ftles  of  IFfffh-offen.  —  Hydrogen,  delivered  from 
a  jet,  burns  in  air  or  pure  oxygen.    A  cold  vessel  held  over  the  almost 
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iuvisible  blue  flauie  roridenses  to  droplets  of  water  tlie  steam  that  is 
produced.  Allliough  the  liame  gives  littJe  ligiit,  it  is  extieediiigly  hot. 
I'latioum  melts  in  it  easily.  In  a  closed  spafe  it  protluoes  a  tem- 
perature of  over  250U°.  When  hydrogen  and  oxygen  are  mingled  in  a 
suitable  burner,  and  the  Hame  is  allowed  to  {day  on  a  piece  of  quick- 
lime, the  latter  becomes  white-hot  at  the  spot  where  the  flame  meets 
it.     This  result  is  called  a  calcluui  llijlit  or  lime  liijht. 

When  the  gases  are  mixed  in  a  glass  vessel,  the  cliemical  action  is 
very  slow  at  ordinary  temperatures,  no  perceptible  amount  of  union 
occurring  in  a  period  of  five  years.  If  the  mixture  is  sealed  up  and 
kept  at  30(f,  after  several  days  a  small  part  is  found  to  have  com- 
biuetl  to  form  water.  At  51 8^  hours  are  required  before  the  uniou  is 
complete.  At  600°  the  interaction  is  rapid,  but  not  explosive.  At 
700°  the  combination  is  almost  instantaneous.  Hence  contact  with 
a  body  at  a  bright-red  heat  (p.  7;{)  is  required  actually  to  explode  the 
mixture. 

These  facts  illustrate  tlie  effect  of  temperature  on  the  speed  of 
chemical  changes  fp.  72).  A  rough  calculation  shows  that,  since 
interactions  lower  their  speed  to  half  its  value  for  every  depression  of 
W  in  temperature,  at  oi'diuary  temperatures  this  union  can  hardly 
make  easily  pei-ceptible  progress  in  less  than  a  thousand  million  years. 
This  effect  of  temperature,  tlicrefore,  accounts  for  the  apparent  absence 
of  action  in  the  cold  gases. 

Finely  divided  platinum,*  when  held  in  the  mixture,  hastens  the 
action  in  the  part  of  t!ie  gases  in  contact  with  it.  The  heat  of  their  union 
raises  the  temperature  of  ucigliboring  portions  and  causes  explosion  of 
the  mass.  The  platinum  is  simply  a  catalytic  agent  (p.  76)  and 
remains  itself  unaffected.  Its  rSle  ia  to  increa.se  prodigiously  the 
vauishingly  small  speed  of  the  union  between  the  cold  gases. 

Hj'drogen  unites  directly  with  a  minority  only  of  tlie  simple  sub- 
stances. It  combines  rapidly  with  oxygen,  chlorine,  fluorine,  and 
lithium,  and  more  slowly  with  a  few  others. 

'WTien  these  elements,  especially  the  first  two,  are  already  in  com- 
bination, hydrogen  may  still  sometimes  displace  the  material  with 
which  they  are  united.  Thus,  when  one  of  the  oxides  of  copper  or  of 
iron  is  heated  in  a  tube  through  which  hydrogen  flows,  the  latter  oom- 

*  The  mofit,  coDvetiieiit  form  is  cibt!ihiect  by  dipping  asbeKtos  In  a  aolticion  of 
chloniplatinic  atM,  and  lieatiiig  it  iu  tlie  blast-Iauip.     Tlie  lilwra  are  covered  wllh 
a  tbin  film  of  the  meial : 
^^  AjPtCl,— >-Pn-4Cl-l-2HCl. 
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bines  with  the  oxygen  to  fonn  water,  and  the  metal  is  liberated.  To 
make  the  equations,  we  set  down  hrst  the  t'ormulie  of  the  substances 
used  and  produced  in  each  case  : 

CuO  +  H  —  HjO  +  Cii, 
Fe,tt,  +  H-^H,0  +  Fe, 

We  then  observe  that,  for  each  atomic  weight  of  oxygen,  2H  will  be 
required,  and  amend  the  equations  thus  : 

CuO  +  2H^HjO  +  Cu,  (1) 

Fe,0,  +  8H  -*  4H,0  +  Fe. 

Then  we  make  the  aiQoiint  of  iron  produced  equal  to  that  taken : 

Fe,0,  +  8H  ^  4H,0  +  3Fe,  (2) 

Thus  (1)  and  (2)  are  the  final  equations. 

These  intei-actions  are  classed  as  displacejuents.  In  describing 
them  the  chemist  would  also  say  that  the  hydrogen  has  been  oxidized 
and  that  the  oxide  of  the  metal  has  been  red  wed  (p.  72). 


An  Inapt  I'ne  of  the  Word,  '*  Affinitif  ■'  in  Ejrptanation  of 
Chemicftl  Actions, —  It  has  paasiid  into  tiie  irommou  language  of 
chemistry  that  actions  like  the  reduction  of  magnetic  oxide  of  iron, 
just  mentioned,  are  •■  explained  "  by  saying  that  the  hydrogen  has  a 
greater  tendency  to  unite  with  oxygeu,  or  lias  a  greater  affinity  for  it, 
than  has  iron,  and  therefore  removes  the  oxygen  from  combination 
with  the  latter.  Plausible  as  this  statement  seems,  it  would  be  in 
most  (juses,  as  here,  quite  incorrect.  Under  the  modes  of  preparing 
hydrogen,  we  spoke  of  the  action  of  steam  upon  iron  (p.  99),  and  gave 
tlie  equation:  3Fe -f- -lUjO— »  Fe,0,  +  811,  To  use  consistently  this 
handy  methotl  of  explaining  chemical  change  by  the  help  of  the  word 
'*  affinity,"  we  should  have  to  say'  that  the  hydrogen  has  a  less  affinity 
for  the  oxygen  than  has  iron,  and  therefore  hydrogen  is  set  free  and 
oxide  of  iron  is  formed.  It  will  be  seen  that  this  statement  is  in  direct 
coutradiction  to  the  oue  made  aljove.  Both  cannot  be  true.  The  fact 
ia  that  Ijoth  arc  based  npou  an  assumption  which  is  incorrect  —  the 
assumption,  namely,  that  the  displacement  of  one  element  by  another 
is  always  an  evidcnco  of  the  greater  affinity  of  the  latter.  Until  the 
means  of  truly  measuring  affinity,  or,  as  we  prefer  to  call  it,  activity, 
have  been  explained,  we  shall  do  well,  as  far  as  possible,  to  avoid  using 
tlie  word. 


The  action  of  catalytic  agents  is  its«lf  a  refutation  of  tliia  blundering  assamp- 
tion.  Patting  a  littie  plEitinum  iu  a  mizlure  of  oxjrgeii  and  liyilrogeli  cannot  add 
to  the  energy  contained  in  tbese  substances,  and  cannot  therefore  irier«aso  tbeir 
intrinsic  leudencies  to  nnite.  Yet  in  its  presenc<e  an  a1uio«t  noiiex^istent  action 
becomes  suddenly  explosively  violent.  Ttiere  itre  other  tnr  more  potent  factors 
tliaa  affinity  wtiicli  determine  the  direction  and  speed  of  many  cliemical  cbangei 
(see  Chemical  er^uilibriumj. 

In  this  connection,  it  is  wurtli  noting  tbat,  while  increasing  the  speed  of  a  train 
or  a  ship  requlreB  a  great  addilinii  to  the  enerio'  expeuderl,  and  is  very  costly,  in. 
creasing  the  speed  of  a  chemicai  change  re<iuireii  thu  expenditure  of  no  energy 
whatever.  The  employment  of  a  couple  (p.  tW)  or  a  cnuiiytic  agent  adds  nothing 
ro  ttie  energy  the  separate  l>odie«  possessed  before  they  were  mixed.  And  thectttti- 
Ij'tic  agent  is  recovered  unehangeA  and  as  ellicient  as  ever  at  the  end.  Tlieoretieally, 
therefore,  these  agencies  cost  nothing.  The  increased  speei,!  in  the  furmalion  of 
tiie  products  is  obtained  gratis.  The  coutact  niethinl  of  making  giilphiiric  acid 
(g.o.)  illustrates  the  way  in  which  commerce  ha.s  taken  ailvantage  of  this  fact. 


Thf  Speeii  of  (Jhemifttl  ArthntHi  a  Meann  of  Jlenmiring 
Artii'lfif. ^Tho  speed  f)f  ii  oheiuii'.il  action  is  measured  by  the  nuni- 
l>er  ot'  atomic  or  fonmila  weiglit.8  of  the  suiistanre  undergoing  change 
in  a  given  time.  Now,  one  means  of  measuring  the  relative  i-ht-mical 
activities  of  several  substanites,  and,  therefore,  of  the  relative  ainounts 
of  available  chemical  energy  they  contain  (p.  2K),  is  to  observe  the 
speed  with  ■which  they  undergo  the  same  chemical  change  (p,  28). 
Thus  we  may  compare  the  activities  of  the  various  metals  by  allowing 
them  sepai-ately  to  interact  with  hydroehlorif;  acid  and  collecting  and 
measuring  the  hydrogen  lilierated  per  minute  by  each.  It  will  be  seen, 
even  in  the  roughest  expert tnent,  that  magnesium  is  thus  much  more 
active  than  zinc.  The  comparison  must  Iw  made  with  such  precau- 
tions, however,  as  will  make  it  certain  that  the  conditions  under  which 
the  several  metals  act  are  all  alike.  Thus,  in  spite  of  the  heat  evolved 
by  the  action,  means  must  i»e  used,  liy  suitable  cooling,  to  keep  the 
temperature  at  some  fixed  point  during  the  experiment,  for  all  actions 
Ijecome  more  rapid  wiien  the  temjierature  rises  (p.  72).  Again,  the 
pieces  of  the  various  metals  must  Imj  arranged  so  that  equal  surfaces 
are  exposed  to  the  acid  in  each  case;  for  pieces  of  the  same  metal, 
having,  of  course,  t!ie  same  intrinsic  activity,  will  nevertheless  give 
hydrogen  more  rapidly  the  larger  the  surface  they  expose.  Equal 
weights  of  zinc  will  finally  give  equal  weights  of  hydrogen ;  but  if  one 
of  them  is  in  the  form  of  foil  while  the  other  is  a  cylinder,  the  former, 
althoxigh  it  will  not  last  so  long,  will  give  much  more  hydrogen  per 
minute.  Stjl!  again,  the  portions  of  hydrochloric  acid  must  contain 
the  same  percentage  of  hydrogen  chloride  in  each  case,  for  the  metal 
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•will  secure  the  anid  it  needs  with  less  delay  in  a  more  eom^entrated 
solution  than  in  a  leas  concentrated  solution,  and  in  the  former  case 
will  therefore  displace  hydrogen  more  rapidly.  When  these  and  other 
precautions  have  been  taken,  a  true  comparison  of  the  relative  activi- 
ties of  the  metals  with  respect  to  this  particular  action  may  be  made. 
It  is  found  that  the  order  in  which  this  comparison  places  the  metals 
is  much  the  same  as  that  in  which  they  are  placed  by  a  study  of  other 
similar  actions.  This  is  natural,  since  we  are  really  comparing,  in  each 
case,  the  amount  of  chemical  energy  in  each  metal.  A  single  table 
suffices,  therefore,  for  all  purposes.  This  table  is  given  in  connection 
with  a  more  exact  method  of  comparing  the  activities  of  the  metals 
(see  Electromotive  series  of  the  metals).  The  speed  of  chemical 
changes  is  discussed  in  greater  detail  under  Chemical  Equilibrium  (see 
also  Sulphurous  acid). 

Ejeerciaea,  —  1.  What  are  the  valences  of  the  negative  radicals 
of  phosphoric  aeid  fp.  71),  and  of  acetic  acid  (p.  93)  ?  What  must  be 
the  forniulie  of  calcium  phosphate,  cupric  acetate,  aluminium  phos- 
phate,  ferrous  carbonate,  ferrous  sulphate,  eupric  chloride  ? 

2.  What  is  the  valence  of  phosphorus  in  phos]>horie  anhydride 
(p.  71)''  What  must  i«  the  formuh-e  of  the  chloride  and  I  he  sul- 
phhle  of  phosphorus,  and  of  alnminium  oxide? 

3.  What  are  the  valences  of  the  elements  in  the  following:  LiH, 
NH„  Sellj,  UN  ? 

4.  What  are  tlie  valences  of  the  metals  and  radicals  in  the  following: 
Pb(NO,)j,  Ce(SOj),,  KC),  KMnO^  (potassium  perm:inganate)  ?  Name 
all  the  substances  in  3  and  4. 

6.  Write  the  formuljt  of  ferrous  ami  ferric  oxides,  of  ferrous  and 
ferric  nitrates,  of  stannous  and  stannic  sulphides. 

6.  What  must  be  the  relative  rates  of  diffusion  of  hydrogen  and 
of  carbon  dioxide  ? 

7.  Make  equations  to  represent  (a)  the  reduction  of  lead  dioxide 
(I'bOj)  by  hydrogen;  (0)  the  actions  of  aluminium  upon  cold  water 
and  upon  steam  at  a  red  heat. 


CHAPTER   VIII 


■WATER 

The  great  quantity  of  water  which  occurs  in  nature  makes  it  one  of 
the  mnst  familiar  nheiuical  substanc-ea.  The  ocean  eovers  about  three- 
fourths  of  tlie  surf  fine  of  thi?  earth,  and  in  most  habitable  regioas  lakes 
and  streams  abound.  Water  is  found  also  in  the  bodies  of  Iwth  ani- 
mals and  plants  in  large  quantities,  and  is  indeed  essential  to  the 
worktug  of  living  organisms. 

Natural  Watm-H.  —  The  water  found  in  nature  varies  greatly  in 
the  amount  of  foreign  material  which  it  contains.  Sea-water  holds 
alxtut  3.6  per  ceut  of  solid  matter  in  solution,  while  rain-water  i.s  the 
purest  natural  water.  Even  rain-water  contains  foreign  matter,  how- 
ever. When  we  heat  it,  bubbles  of  gas  form  on  the  sides  of  the  vessel, 
showing  that  oxygen  and  nitrogen  from  the  air  have  been  dissolved  by 
the  water  as  it  fell.  On  evaporating  a  considerable  mass  of  such 
water,  we  find  that,  aside  from  dust,  crystals  of  chemical  substances, 
ftucli  as  amnionitmi  nitrate,  may  be  recognized  in  the  residue.  Of  well 
and  surface  waters,  some  which  contain  calcium  sulphate,  calcium 
bicarbonate,  and  compounds  of  magnesium  in  solution  are  described  as 
bard.  Others  contain  compounds  of  iron,  and  still  others  are  effer- 
vescent and  give  off  carbon  dioxide.  Those  are  called  mineral  waters. 
All  of  the  dissolved  substances  are  obtained  by  the  water  in  its  prog- 
ress over  or  under  the  surface  of  the  ground. 

Water  which  is  to  be  used  for  domestic  purposes  is  examined,  not 
only  to  ascertain  the  amount  of  the  ingredients  which  produce  hard- 
ness, but  also  with  reference  to  the  proportion  of  organic  matter  which 
it  may  hold  in  solution,  This  usually  gains  access  to  the  water  by 
admixture  of  sewage  (p.  72).  It  is  uot  the  organic  matter  itself  which 
is  deleterious,  but  the  bacteria  of  putrefaction  aad  disease  which  are 
likely  to  accompany  it,  luoculatioa  of  culture  media  with  the  water 
can  alone  show  whether  or  not  the  latter  are  present. 

Pui'ifieatioit  of  JVater,  —  The  foreign  materials  which  water  may 
contain  are  divisible  into  two  kinds, — dissolved  matter  and  suspended 
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matter.  No  water  is  free  from  either  of  these  varieties  of  impurity. 
In  uliemical  laboratories  distilled  (p.  38}  water  of  a  luoie  or  Icsh  pure 
kind  13  always  employed,  but  this  represents  only  a  crude  purititmtioit. 
Hy  using  a  platinum  still  and  condenser,  water  of  much  greater  purity 
can  be  obtained.  Yet,  on  account  of  the  solvent  power  of  water,  it  is 
impossible  to  keep  such  a  liquid  even  for  a  short  time.  Ordinary 
glasa  dissolves  iu  water  to  a  very  noticeable  extent. 

The  purity  of  water  is  most  easily  investigated  by  measurement  of 
its  resistance  to  the  passage  of  electricity.  A  colurati  only  one  milli- 
meter long,  of  the  purest  distilled  water  that  can  be  made,  has  a  greater 
resistance  than  a  copper  wire  of  the  same  crosa-section  and  lung  enough 
to  reach  a  thousand  times  round  the  earth  at  the  equator.  During  a 
few  minutes'  exposure  to  the  air,  or  contact  with  a  glass  vessel,  how- 
ever, a  sufficient  amount  of  foreign  material  (p.  95)  of  high  conductiv- 
ity is  taken  up  to  diminissh  its  resistance  very  greatly. 

For  ordinary  purpo.ses  the  suspended  matter  which  water  contains 
18  removed  by  Eltratioii  fp,  11).  In  the  laboratory  this  ttikes  place 
through  unsized  paper.  The  pores  of  the  paper  are  sufficiently  small 
to  retain  particles  of  the  dimensions  usually  met  with,  while  permit- 
ting the  passage  of  the  water  with  its  dissolved  mattpr,  On  a  large 
scale,  beds  of  gravel  are  employed.  In  the  household  the  Pasteur 
filter  is  more  compact  and  efficient.  The  i^-ater  is  forced  by  its  own  , 
pressure  through  the  pores  of  a  closed  tnlie  made  of  unglazed  porce- 
lain. Care  must  he  taken  to  clean  these  tubes  at  frequent  intervals, 
so  tliat  organic  and  perhaps  putrescent  matters  may  not  acciimulate 
upon  them.  If  tlie  cleansing  is  not  carried  out,  the  Pasteur  filter-tube 
becomes  a  breeding-place  for  bacteria,  and  may  juhl  greatly  to  the  con- 
tamination of  the  water  in.stead  of  diminishing  it. 

Matter  in  solution  cannot  be  removed  by  filtration,  and  is  eliminated 
bj'  distillation.  Since  the  water  is  converted  into  steam  and  is  con- 
densed in  platinum  or  tin  pipes,  only  gases  or  volatile  liquids  dis- 
solved in  it  can  pass  into  the  distillate.  , 

t'hjfHirfil  I'ropfftii'it  itf  tt'ftti'r.  —  When  we  view  a  white  object 
through  a  deep  layer  of  water  we  find  that  the  liquid  has  a  blue  or 
greenish-blue  color.  At  a  pressure  of  760  mm.,  it  exists  as  a  liquid 
lietween  0°and  100".  Below  0°  it  Iwcomes  solid,  above  100°  a  gas.  Of 
all  chemical  substances  it  is  the  one  which  we  use  most,  so  that  famil- 
iarity with  its  properties  is  indispensable  to  the  chemist.  It  will  serve 
also  as  a  typical  liquid,  since  it  differs  from  others  only  in  details. 

t  A 
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Tb»  weight  of  a  cutuc  oentimeier  o(  wtuer  U  4°  gives  lu  our  tinit,  the  grain.  A 
kilggnun  of  water  ai  0^  occupies  1.00013  liters,  or  0.13  c.c,  mate  Uian  sii  4''  C.  A 
kiiogr«tii  of  lee  at  0°  oocapies  1.00(Ui3  liters,  or  00.7  c.c,  luore  tb&n  an  equal  wvi^lit 
of  water.     The  votiuue  of  tli«  lukum  weight  of  water  W  100^  U  l.(M:)3  liters. 

lee.  —  The  raising  or  lowering  of  the  temjwrature  of  a  gram  of 
water  through  one  degree  forresponds  to  the  addition  or  removal  of 
one  calorie  of  heat.  The  conversion,  however,  of  a  grant  of  water  at 
0°  to  a  gram  of  ice  at  H^  reijuires  tlie  rennwal  of  71>  cdories  of  heat. 
The  mere  melting  of  a  grain  of  ice  causf.s  an  ;il).sorj)tion  of  heat  to  the 
same  amount.  This  is  calletl  the  beat  of  fusion  of  ice.  At  0°  a  mix- 
re  of  ice  and  water  will  remaiii  in  tmchanged  proportions  indetinitely. 
iiy  cause  which  tends  permanently  to  lower  or  raise  tlie  temperature 
lijr  a  fraction  of  a  degree,  however,  wilt  bring  about  the  disappearance 
of  the  water  or  of  the  ice  respectively.  This  temperature  is  called 
the  melting  or  the  freeeing  point.  Properties  of  this  kind,  marked 
by  traasitiou  pointa  from  one  state  to  another,  are  nnich  used  in  chein- 
i.stry  for  keeping  other  bodies  or  systems  at  a  constant  temperature 
during  measurement  or  observation.  A  mixture  of  ice  and  water  sur- 
rounding a  btxly,  when  kept  in  constant  agitation,  will  automatically 
maintain  the  body  at  a  fixed  temperature  (0°)  so  long  as  both  compo- 
nents hold  out. 


StentH  ami  Aquefftig  Tension,  —  At  atmospheric  pressure,  water 
pa-sses  into  steam  rapidly  at  100°,  but  at  lower  temperatures,  and  even 
when  frozen,  it  does  the  ftame  thing  more  slowly.  The  best  way  to 
define  the  quantity  of  the  vapor  at  varion.-}  temperature^  is  by  the 
gaseous  pressure  it  exercises.  This  is  proportional  to  the  coucentva- 
tiou  (p.  81)  of  the  aqueous  material  in  the  space  above  the  water, 
and  has  a  definite  value  for  each  temperature.  Its  amotmt  may  be 
shown  by  allowing  a  few  drops  of  water  to  ascend  into  the  vacuum  at 
the  top  of  a  harometrio  column  (Fig.  39).  The  tube  on  the  left  shows 
the  mercury  when  nothing  presses  on  its  surface.  The  tube  on  the 
right  siiows  the  result  of  admitting  the  water.  The  tension  of  the 
atmosphere  bting  the  same  for  both,  the  smaller  height  of  mercury 
which  now  suffices  to  counterbalance  it  shows  that  something,  which 
can  be  nothing  but  the  water  vapor,  is  pressing  on  the  surface  of  the 
mercury,  and  makes  up  the  rest  of  the  total  stress  needetl.  The  differ- 
ence in  the  height  of  the  two  columns  gives  the  value  of  this  pressure, 
which  we  call  the  vapor  pretanre  of  the  water.  The  jacket  surround- 
ing the  tuIie  on  the  right  enables  us,  by  adding  ice  or  warm  water,  to 
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keep  the  watei  that  is  acbnitted  to  the  Ta<;uam,  and  the  parts  of  the 
appiiiatua  immediately  in  contact  with  it,  at  any  temperature  be- 
tween 0°  and  100°. 

When  ice  ia  used  outside,  and  a  piece  of  it  is  introduced  into  the 
vacunm,  the  vapor  it  gives  off  quickly  reaches  a  pressure  of  4.5  mm. 
The  vapor  preasure  of  the  ice  takes  tiie  place  of  4.5  ram.  of  mercury  in 

balancing  the  atmospheric  pressure,  and 
BO  the  mercury  column  falls  bj  this 
amount.  Similarly,  water  at  10"^  causes 
a  fall  of  9.1  nun.  and  at  20°  of  17.4  mm., 
so  that  these  represent  the  mercury- 
height  value.'i  of  the  vapor  pressure  at 
these  temperatures.  The  r|uantity  of 
water  used  makes  no  difference,  so  long 
as  a  little  more  is  present  than  is  re- 
quired to  fill  the  available  space  with 
vapor.  Of  course,  if  a  large  amount 
is  admitted,  its  dead  weight  will  take 
the  place  of  an  equal  weight  of  mer- 
cury in  balancing  the  pressure  of  the 
air.  If  there  is  a  measurable  column 
of  water,  its  height  must  be  divided 
by  13,6  (the  sp.  gr.  of  mercuty),  and 
counted  as  if  it  were  part  of  the  mercury. 
An  expression  is  needed  to  describe 
the  varying  power  of  the  water  at 
different  temperatures  to  maintain  dif- 
ferent pressures  of  its  vapor.  This  we 
call  the  aqaeouB  tension  of  the  liquid. 
Its  magnitude  at  any  given  temperature 
is  measured  by  the  mjiximum  pressure 
reached  by  the  vapor  (see  Kinetic^molecular  hypothesis  applied  to 
liquids). 

With  water  at  higher  temperatures  the  fall  of  the  mercury  column 
becomes  much  greater.  At  50°  it  is  92  mm., at  70"  it  is  2.'li!.3  ram.,  at 
90°  it  is  525.5  mm.,  and  at  100°  it  is  TOO  mm.  At  the  boiling-jwint, 
therefore,  the  swjueous  tension  takes  the  place  of  the  whole  barometric 
coUiran,  and  is  equal  to  the  average  air  pressure.  At  121°  the  aqueous 
tension  is  two  atmospheres,  at  180°  it  is  ten  atmospheres. 

Theie  is  another  standpoint  from  whieh  these  phenomena  may  be 
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^^^^nd.     Water  vapor  can  exist  at  10°  only  if  the  piesaure  upon  it  is 

'       9,1  mm.  or  less.     If  we  imagine  the  water  placed  iu  a  cylinder  closed 

by  a  frietioideas,  weightless  piston  (Fig.  40),  tlii^n  at  10°  the  piston 

will  remain  at  rest  whether  we  plaiw  it  high  or  low,  provided  it  is 

led  n-itli  a  weight  exactly  enujil  to  that  of  a  layer  of  jueruiiry  9.1  mm. 

^hiek  covering  itis  whole  area.     We  sjieak  of  sueh  a  system  as  being  in 

equilibrium."     Witli  a  less  weight  the  pistxm  will  move  slowlj-  upwanls, 

as  the  vajior  coutiuiiaHy  given  off  by  the  water  presses  upon  it,  until 

it  reaches  the  top  or  the  water  all  evaporates.     Conversely, 

1       if  it  bears  a  greater  load,  it  will  move  down  and  the  vapor 

'        will  eoiideiiao  on  the  walls  and  bottom  of  the  eyliiider  until 

^^the  piston  comes  in  contact  with  the  water  itSelf  and  the 

^^b&por  Is  all  abolished.     These   conceptions  will  iiud  con- 

^^Ttent  application  not  only  to  physical  but  also  to  chemical 

phenomena   (see   Kinetic-molecular  liyijothesls).     The  ex- 

j       pression : 

^^  Aq.  (liq.)  rf  Aq.  ( vap,) 

^Hb  used  to  represent  the  state  of  equilibrium  in  a  system  like      yio.  w, 
the  above. 

One  other  phase  of  this  subject  is  recognized  by  special  pliraseology. 

JrYhen  water  at  a  certain  temperature  ha.s  given  the  full  amount  of 

Iter  vapor  to  the  sjtaoe  above  it  that  its  aqueous  teu.sion  permits,  we 

»y  that  tlie  space  is  saturated  with    vapor.     That  concentration  of 

ipor  which  constitutes  saturation  varies  with  the  temperature  of  the 

iter  and  depends  therefore  solely  on  the  power  of  the  water  to  give 

vapor.     It  has  nothing  to  do  with  the  size  of  the  space,  and  is  even 

irtde])endent  of  other  gases  the  space  may  already  contain  (p.  88). 

The  space  inunediatcly  aliove  the  siirfaee  of  the  grniuiil,  which  is 
mainly  occupied  by  atmospheric  air,  is,  on  an  average,  less  than  two- 
thirds  saturated  with  water  vapor.     That  is  to  say,  such  air,  when 
inclosed  in  a  vessel  containing  water,  ■will  take  up  al>out  one-half  more 
.than  it  already  contoins.     At  100°  the  water  vapor  displaces  the  air 
itirely,  and  the  liquid  is  said  to  boil. 

The  water   present    in  the  air  plays  an  important  pait  in  many 

demical  jihenomcna,  as  we  shall  see.     All  oiir  substances  and  ii])]:iara- 

t;)8  have  ti'aces  of  water  condensed  on  their  surfaces.     This  water  is, 

a  sense,  in  an  abnormal  condition,  for  it  does  not  evaporate  even  in 

•  In  ehomi'stry  we  do  not  epetik  of  at.tble,  unstable,  aud  indifferent  equilib- 
rioin,  aa  i«  done  in  ptiyaics,  but  only  of  ttie  lirst.  The  term  " metastable,"  how- 
evrr,  is  employed  (jiee  Cbap.  x). 
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dry  aXr.     It  is  observed  to  pass  off  in  vapor,  however,  when  we  have 

occasion  tu  heat  any  material. 

In  passing  into  vapor,  water  absorbs  heat  without  changing  its 
temperature,  A  gram  of  water  at  100°,  for  example,  in  tiu'ning  into  a 
gi'ani  of  steam  at  100°,  takes  up  5^7  calories.  This  is  ealled  its  heat 
of  vaporizatloti.  Steam,  in  fact,  oontiiins  muuh  more  internal  energy 
than  an  equal  weight  of  water  at  the  same  temperature,  just  as  watei-, 
in  turn,  contains  more  energj*  than  ice. 

The  temperature  of  100^  is,  like  the  nielting-point  of  ice,  an  im- 
portant transition  point,  and  has  the  same  prot>erties,  mutatis  miitirn- 
dis,  as  the  latter.  It  is  less  exactly  recovenible  by  simply  keeping  a 
vessel  full  of  water  in  ebuUitiou,  however,  because  variations  in  the 
pressure  of  the  atmosphere  affect  it  more  maikedly  than  they  do  the 
melting-point  of  ice.  Near  to  100°,  the  boiling-point  rises  or  falls 
about  0.037°  for  1  uuti.  change  in  pressure  (rf.  ji.  116).  On  the  top 
of  Mont  Blanc  water  boils  at  84°. 

Water  as  a  Solvent.  —  One  of  those  physical  prof>ertie9  of  water 
which  are  most  used  in  chemical  work  is  its  tendency  to  dissolve  many 
substances.  This  subject  is  so  iinport;int  and  extensive  that  we  shall 
presently  devote  a  complete  chapter  to  some  of  its  simpler  and  more 
familiar  asjwcts. 

Cfiemical  I'roperfl^n  of  ff^ater,  —  Water  is  so  very  frequently 
used  in  chemical  experiments  in  which  it  is  a  mere  mechanical  ad- 
junct, that  the  beginner  has  diiflculty  in  Jistingnishing  the  cases  in 
which  it  has  itself  taken  ])art  in  the  chemical  interaction.  The  rather 
limited  hst  of  kinds  of  chemical  activity  it  c^n  show  should  therefore 
receive  careful  notice :  It  (1)  is  a  rehitively  stable  substance.  It  (2) 
combines  directly  with  many  subatances.  In  the  commoner  of  the  two 
kinds  of  this  action,  the  formation  of  hydrates  (see  below),  the  com- 
ptmud  exists  in  the  solid  form  only,  however,  and  is  decomposed  in 
solution.  Finally,  it  (3)  interacts  with  some  substances  in  a  way  which 
we  describe  as  hydrolysis.  We  shall  not  discuss  this  last  property 
until  some  substance  which  is  markedly  affected  is  encountered  (see 
Preparation  of  hydrogen  chloride). 

Perhaps  we  should  add  that  steam  at  a  high  temperature  oxidizes 
elements  which  readily  combine  with  oxygen.  For  example,  it  turns 
iron  into  the  magnetic  oxide  (p.  99).  At  such  high  temperatures, 
however,  the  water  is  partially  resolved  into  a  mixtiire  of  hydi'ogen  and 
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oxygea,  and,  the  latter  being  tlve  more  active  of  the  two  elements,  tha 
oxidizing  effects  prwloiiiiuate.  Even  othur.  compounds  containing 
oxygen  will  give  exactly  the  same  results.  Hence  this  caiuiot  !*  re- 
garded aa  a  property  of  water  itself. 

Water  a  Stable  Compound.  —  Whether  the  BubstaDCe  is  relatively 
■table  or  unstable  is,  Lu  the  case  of  a  compound,  the  first  chemical 
proi)erty  to  be  given.  Usually  the  specification  is  in  terms  of  the 
temperature  required  to  decompose  it.  Thus,  potassium  chlorate  gives 
off  oxygen  at  a  low  red  heat.  Water,  even  at  2500°,  is  hut  little  decom- 
posed, and  reunion  occurs  as  soon  as  the  teinj)erature  is  lowered. 

Union  of  Water  with  Ojrideii.  —  When  sodium  combines  with 
oxygen  under  certitin  eontlitions  we  obtain  sodium  oxide  (XajO),  The 
product  unites  violently  with  water  to  form  sodium  hydroxide : 

NajO  +  H,0  -.  2NaOH. 

The  slaking  of  quicklime  is  a  more  faniiEar  action  of  the  same  kind : 

CaO  +  H,0  -*  Ca{OHV 

No  other  products  are  formed.  The  clouds  of  steam  produced  in  the 
second  in.stance  are  due  to  evaporation  of  a  part  of  the  water  by  the 
heat  proilut«d  in  the  formation  of  calcium  hydroxide.  The  a<[Ueoufl 
solutions  of  these  two  products  have  a  soapy  feeling,  and  turn  red  lit- 
mus blue,  and  the  siiliatances  therefore  l]ielong  to  the  class  of  alkalies 
fp.  98)  or  basei.  Very  many  hydroxides  which  are  of  the  same  nor 
ture,  for  example  ferric  hydroxide  (Fe(OII),)  and  tin  hydroxide 
(Sn(OH)j),  are  formed  so  slowly  by  direct  union  of  the  oxide  and  water 
that  they  are  always  prepared  in  other  ways. 

Some  oxides,  although  they  unite  with  water,  give  products  of  an 
entirely  different  character.  Phosphoric  anhydride  and  sulphur  dioxide 
(p.  71)  are  of  this  class  and  yield  jicids. 

These  two  classes  of  final  products  are  so  different  that  we  make 
the  distinction  the  basis  of  classification  of  the  elements  present  in  the 
original  oxides.  The  elements,  like  sodium  and  iron,  whose  oxides 
give  bases,  are  callpd  metaia ;  those,  like  phosphorus,  whose  oxides  give 
acids,  W«  called  non-metals.  The  distinguishing  words  are  selected 
because  the  division  corresponds,  in  a  general  way  at  least,  with  the 
separation  into  two  sets  to  which  merely  physical  examination  of  the 
elementary  substances  would  lead. 
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Formerly  the  hydroxides  of  metals  were  termed  "  hydrates,"  and  the 
word  13  still  used  Ikiiiiliarly  by  L'hemists  in  :i  few  cases,  such  ad  potas- 
sium "  hydrate  "  (KOH)  and  sodium  "  hydrate  "  (NaOH).  These  sul> 
stauces,  however,  have  notliin^'  in  uomraon  with  the  compounds  properly 
known  as  hydrates  whose  uaturu  is  discussed  in  the  next  section. 


Fm,  41. 


HfUlrateg,  —  Many  substances  when  dissolved  in  water  and  re- 
covered by  spontaneous  evaporation  of  the  solvent  are  found  to  have 
entered  into  combination  witli  the  liquid.  The  products,  whieh  are 
sobds,  are  called  hydrates.  These  coinponnds  show  definite  chemica.1 
composition  expressible  in  terms  of  chemical  unit  weights  of  the  con- 
stituents. Often  much  heat  is  given  out  in  their 
formation.  Thus,  in  the  case  of  washing  soda, 
the  decabydrate  of  8«lium  carbonate  (Na^CO,, 
lOlLjO),  the  heat  of  the  union  (p.  76)  ia  8800  cal. 
The  hydrates  have  physical  properties  entirely 
different  from  those  of  their  components.  Thus, 
eupric  sulphate,  often  C4xlled  anhydrous  cupric 
sulphate  to  distinguish  it  from  the  compound 
with  water,  is  a  white  substance  cryatalUzing 
in  shining,  colorless,  needle-like  prisms.  The 
pentahydrate  (blue-stone  or  blue  vitriol)  is  blue  in  color,  and  forma 
larger  but  much  less  symmetrical  (asymmetric  or  triclinic)  crystals 
(Fig.  41): 

CuSOi  +  6HjO-.  CuSO,,  611,0. 

When  heated,  tlio  hydrates,  as  a  rule,  lose  none  of  tlie  constituents  of 
the  original  conii)ound,  but  only  those  of  the  water.  They  do  so,  in 
general,  rather  ca.sily.  Hence,  to  avoid  the  disguise  of  the  fundamental 
substance  which  would  occur  if  wo  wrote,  for  example,  H,oCuSO„  we 
segregate  (as  above)  the  elements  of  the  water  in  the  formula.  The 
aqueous  solutions  made  from  the  anhydrous  substances  and  from  the  hy- 
drates h;ive  identical  physical  and  chemical  projierties.  Hence  the 
cheaper  of  the  two  forma  is  generally  purchased,  and  many  of  the 
chemicals  used  in  ialwratories  are  in  the  form  of  hydrates. 

Some  of  these  hydrates  decompose  very  readily.  The  decahydrate 
of  sodium  sulphate,  Na.^SO,,  tOlIjO  (Glauljer'ssalt),  gives  up  all  the  water 
it  cont;iin3  when  simply  kept  in  an  open  vessel.  At  100°  blue  vitriol 
very  quickly  loses  4H,0  and  the  rest  of  the  water  more  slowly.  The 
last  equation  might  therefore  have  been  written  to  show  a  reversible 
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action  (p.  64).  A  decomposition  which  proceeds  at  high  temperatures, 
while  at  lower  temperatures  recombinatiou  of  the  constituent!!  can  take 
place,  as  with  these  hydrates,  is  called  a  diBsociatlon,  The  decomposi- 
tion of  potassium  chlorate  (p.  64)  is  not  a.  dissociation  because  it  is  not 
reversible ;  oxyg»jn  will  not  under  any  ci  renins  tan  ees  reunite  with  potas- 
sium chloride. 

The  condition  which  controls  auuh  actions  ia  not,  however,  the  tem- 
perature aione.  When  Glauber's  salt  ia  kept  in  a  dosed  bottle,  a  very 
little  of  it  loses  water,  and  then  ti»  decomposition  cerises.  Wlien  the 
bottle  is  left  oyjen,  the  dissoeiatioti  proceeds  until  no  decaliydrate  re- 
mains. The  cause  of  this  we  discover  when  a  crj'stal  of  the  hydrate 
is  placed  above  mercurj',  like  the  ice  or  water  in  Fig.  39  (p.  116).  It 
shows  a  deJinUe  ntpifoits  feusitm.  At  9°  the  value  of  this  is  5.5  mm. 
8  its  teniiieratufB  is  r.iised,  the  tension  increases.  When  the  tem- 
perature is  lowered,  on  tlie  other  hand,  the  tension  diminishes,  the 
mercury  rises,  and  more  of  tlie  water  enters  into  combination  again. 
Different  hydrates  show  different  afjuenus  tensions  at  the  same  tempera^ 
tore.  For  example,  at  30°,  water  itsell'  is  31.5  mm.,  strontium  chloride 
(SrClj,  6HjO)  11.5  mm.,  cupric  sulphate  (CuSU„  5H,0)  12.5  mm.,  barium 
chloride  (BaCl^,  2H„0)  4  mm. 

It  appears,  therefore,  that  the  water  in  these  compounds  evaporates 
as  do  oi'dinary  waters.  Those  which,  like  washing  soda,  have  a  vapor 
tension  approaching  that  of  water  itself,  lose  their  water  at  ordinary 
temi>eraturos  atti  rapid  pace.  In  this  connection  we  have  to  rememl>er 
that  atmospheric  airis  usually  less  than  two-thirds  saturated  with  water 
vajMjr,  and  tlie  partial  pressure  of  this  vapor  opposes  the  dissociation. 
Thus  at  9',  the  vapor  tension  of  water  being  8.(i  mm.,  the  average  vapor 
pressure  of  water  in  the  atmosphere  will  be  abfmt  6  nmi.  Any  hydi-ate 
with  a  Rreater  aqueous  tension  than  5  mm.,  at  9°,  such  as  Glauber's 
salt,  will  therefore  decompose  spontaneously  in  an  oi>en  vesseL  But 
thctse  with  a  lower  %'apor  tension,  such  as  the  pentahydrate  of  cupric 
sulphate  with  a  tensiouof  2  mm.  at  9°,  wiU  not  do  so  (see  p.  13.*!). 

The  behavior  of  hydrates  does  not  indicate,  as  might  seem  at  first 
sight  to  lie  the  case,  that  the  water  is  contained  in  them  in  some  way 
in  the  free  state.  The  fact  is  that  the  above  statements,  with  corre- 
sponding changes  in  the  wording,  niigbt  be  made  of  all  dissociations  in 
cliemistry.  Oxides  give  a  different  pressure  of  oxygen  at  each  tem- 
perature, carl(Onates  of  carbon  dioxide,  and  so  forth. 

The  meajsureinent  of  Ihe  vapor  tension  of  hydrates  gives  definite  information 
in  regard  to  whether  tbore  are  other  hydrates,  say  of  cupric  eulphate,  with  lesa 


INORGAKIC  CHEMISTRY 


than  the  uorntitl  nmiiber  of  formula-weightH  of  water.  It  there  were  onl^  two 
Buhstancea,  CuSO,  ami  CuSO^,  611,0,  with  no  (.'omtjipumi  of  iiiteruii:"(Uate  compfisi- 
tioii,  then  IV  partially  lifCdiuposeJ  specimen  would  be  umde  up  partly  of  th«  oue 
substance  and  partly  of  the  other.  But  if  there  were  an  hitermediiue  compound, 
say  CuSO,,  3Hp,  then  desiccating  a  Kjieciraeti  of  llic  penCahydnvte  would  give 
nothuig  but  mixtures  of  CuSO,,  SH^O  aiid  CuSO^.  ftlf.O  until  all  the  latter  was 
decomposed.  Then,  and  only  then,  thi'  trihydrate  would  begin  lo  lose  water.  Now 
till?  trihydrate,  heingadohuite  and  (iilThrent  .suhstauce,  would  have  a  vapor  tecBion 
of  Its  own,  and  experimental  study  would  .show  its  presence. 

Experiuient  shows  that  there  really  are  several  hydrated  oiipric  sulphates. 
Tlie  pentahydrate,  at  50°,  has  a  vapor  tension  of  ■17  mm.,  and  this  vapor  tension  is 
observed  bo  long  as  iiuy  pentahydrijt*  renmitis  to  he  decomposed ,  As  .>!oon  a»the 
proportion  of  water  goes  down  lo  CuS(  >,,  3H,0,  the  vap<jr  tension  suddenly  drop* 
to  30  turn.  As  the  de.iilceation  continises,  tliis  tension  is  niaintaineil  until  the  com- 
pijsiliiHi  has  reached  CuSr»,,  HjO.  At  tins  point  the  vapor  pressure  falls  to  that 
Of  the  uioiRibydrate,  4.6  mm.,  and  rcuiahis  at  this  value  unlil  all  the  rest  of  the 
water  ixaa  been  removed,  ll.id  there  been  no  intermediate  compound  with  3Uj(.) 
the  tension  would  have  dropped  at  once  from  47  mm.  to4.5  mm.  If,  conversely,  we 
try  to  cojubine  water  as  viipor  with  anhydrous  cuprit  sulphate,  at  50°,  a  vapor 
pressure  of  at  lea.st  4.{i  mm.  is  requirinl  to  cmi^  union  to  take  p1a<'e.  The  union 
slops  when  one  fnrmida- weight  of  water  has  underKone  oomhination.  To  intro- 
duce more,  the  concentration  of  the  water  vapor  must  be  increased  to  nearly  seven 
times  its  first  value,  namely,  in  31)  mm.  pressure.  This  enforces  combination  up  to 
CuSO,,  3H,0.  For  furtiier  iiydraiion,  a  srill  higher  pressure  of  water  vapor  is 
needed  (47  mm.),  ami  the  abaorpiiun  ceases  when  CuSH,,  5H.O  has  been  formed, 

Tliere  are  thus  three  distinct  reversible  actions  which  succeed  one  Enothei'  ajt 
the  hydration  proceeds  t 

CuSO,  +  H^O  *=:  CtiSO,,  H.O 

CuSIV  li.O  +  2H,,0;=tCnS0„  .3H,0 
CuS0„.3H./)  +  2li,0  f±  CuSO.,  5H,0, 

The  Srat  represents  &  greater  affinity  thap  tbe  second,  and  the  iecond  than  the 
thinl. 

The  graphic  representation  of  these  facts  (Fig  42)  will  make  the  behavior  of  th« 
compi>und.s  clearer.  The  proportion  of  water  combined  with  one  formula- weight 
of  cupric  sulphate  is  laiil  oS  alouft  the  horizontal  axis.  The  pressures  at  whtoh  it 
eutera  or  leaves)  the  cons  pounds  at  50°  are  the  ordinates.  As  far  as  IK^O  tbe  pressors 
is  constant  (4  5  mm).  Beyond  that  point  and  up  to  SHjO  it  is  constant  but  tnuoh 
higher.     Between  SHjO  and  5n.,n  it  is  con.staut  nsain  but  liin;her  still. 

The  tension  of  free  water  at  tlie  .same  temperature  is  02  mm.  It  Is  consl^tit 
irrespeetive  of  the  amount  of  water,  and  would  therefore  be  on  a  ainple  continuous 
line  panillel  to  the  horiiontal  iucis  and  twice  a.s  high  above  it  as  the  uppermost  one 
in  the  diaj;rain.  If,  at  fyfl",  a  vessel  of  water  were  put  under  a  Liell  jar  alouftside  of 
anhydrous  cupric  sulphate,  its  vapor  would  be  more  thati  sulBciently  concentrated 
fully  to  hydrate  the  compnund,  Acain.  while  4.5  mm.  pressure  of  water  vapor 
will  cause  water  lo  combine  witli  ntdiydrous  cupric  sulphate  at  50",  a  pressure  of 
82  aiTU.  will  be  required  to  iiijuefy  the  waier  vapor  at  tlie  same  temperature. 

The  above  discnssion  shows  that  the  last  formula-weight  of  water,  io  hydrates 
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which  dlssotitate  by  ilages,  1h  not  differeot  la  kind  from  the  olhera.     It  differs  only 

it)   the  degrct"  cif   tenacity  wiili  orliich  it  is  lield.     It  is  tUeiefore  unnecesswy, 

lerely  on  Uii£  account,  to  dignify  it  by  thti  jsoparato  name  of  water  qf  comtUa- 

n,  as  lias  been  done  by  some  cliemials. 

Water  of  hydration  is  frequently  called  "water  of  oryitalllsatioii,  on  account 

tlie  factthut  when  water  is  driven  oS  by  heating,  tlie  sit  balance  usually  crumbles 

pi«u«s  (efltoresces).    Tlie  term  in  nutparticulai'ly  appiupriiite  for  several  reasons. 

sagg&gls  tluil  water  and  crys- 

Jhzatiou  are  related  in  mina  ^ 

V«y,   which   is  uol    the    case. 

iulpbiir,     giiteua,      potass-iuin 

dloiate,  and  thousajidsoEotlier 

yslailized  subiitiLnues,  do  not       £ 

>[)t;iin  the  elements  of  water.  30 

lor  do   the  bubslaiices  whieh      ~ 

Buibine     svilli    water    remain 

miirptiDus     ill     its     absence, 

liey  all   crystallise  from   the 

molten  couililioii  or  fr.im  some 

Bon-aiiueouB  solvent,  although, 

I  Biibstaneeij  diffei'ent  from  tbe 

Sydi-ateii,  tbeir  cryetaOine  fonu 

is  different,      Iceland  epar,  or 

any  fither crystallized  carbonate 

wliich  can  bs  decomposed  by 

^^eatiiig.  becomes    opaque  and 
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roits  or  falls  to  powder  when  the  carbon  dioxide  is  driven  out.  But  it  has 
1  occurred  to  any  one  to  call  tbia  carbon  dioxide  of  cryaiallization!  The  fact  ia 
at  .111  pure  chemical  subslauceB,  in  solid  fonu,  when  in  a  HUible  physical  coudi. 
n,  are  cryataltine.  Amorphous  Miibstances  are  alwayu  supercooled  liquids. 
The  term  arose  from  a  misconception,  and,  when  used,  always  succeeds  in 
transmitting  the  niisconeeijtion  along  with  the  iiauie.  The  ease  with  which  some 
of  tlie  hydrati'.*  dt>comi)0i4(."d  suggesied  the  idea  tliat  they  containod  water  as  a  dU- 
erete  siifetotife  There  is  no  more  juKtitieation  for  this  idea,  however,  than  for  the 
nolioj)  that  carbonates  contain  ready-made  carbon  dioxide.  The  hydrates  contain 
the  elements  of  water  just  as  sugar  and  alcolwl  du,  and  there  is  no  evidence  that 
ey  '*  contain  water  "  in  luiy  other  sense  than  that  in  which  the  phrase  might  be 
d  of  ibese  organic  bodies. 

In  coniier|uence  of  ttieir  decomposition  iulo  and  formation  from  substances 
ipable  of  .^parate  exiRtetice,  the  hydrates  are  classed  with  molecular  compounds 
0  ).     The  behavior  of  the  compounds  of  salts  with  ammonia  (like  2AgCl,  3NU^, 
with  nitric  oxide,  and  with  each  other  (double  satts),  is  quite  eitnilar. 


CompnxitStiH  of  Wafer.  — The  measurement  of  the  proportioua 

weight  and  volume  in  "whiuli  hydrogen  and  oxygen  combine  to  form 

iter  hiL^  been  the  subject  of  a  larger  number  of  elaborate  iuvestiga- 

BDs  than  any  other  single  problem  of  this  kind.     The  difficulty  in 
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making  the  former  measurement  ariaea  from  the  fact  that  Iwth  constit- 
■ueiits  are  gases,  and  therefore  difficult  to  weiglL 

The  deteTuiination  of  lliia  proportion  whicli,  imlil  very  recently,  held  iu  place 
in  all  chemical  works,  was  that  mode  by  Ibe  Frencb  cliemiisl,  Dumas.  Iliii  ezpei'i- 
nients  ga^e  the  ratio  of  hydrogen  to  oxygen  2  ;  15.06. 

It  was  not  uutil  1887  that  Keiser  obtniiifd  a  figure  for  the  oij^gen  apprpcittbly 
smaller  than  tbis,  and  soon  detorminationa  by  other  obeerverB  Bhowed  that  Dumas* 
proportion  was  probably  too  large.  Tlie  uiveiitigation  whicli 
finally  settled  this  question  was  ttiat  of  Edward  Morley.  Tlie 
most  striking  of  liis  experiments  consisted  in  a  serifs  of  syn- 
theses of  water,  in  whieii  be  weighed  ilm  hydrogen  as  well  aa 
Ihe  oiygeii,  and  afterwards  weighed  the  water  produced  from 
theio.  The  hydrogen  was  confined  by  absorption  in  palladium 
(p.  107),  and  could  thus  be  cuutatned  lu  large  quantity  in  a 
small,  elongated  bulb.  During  the  progress  of  the  experiment 
it  was  driven  out  by  a  suitable  heating  arrangement.  The 
oxygen  wua  contained  in  large  globes  holding  15-20  liters.  Tlio 
losws  in  weight  o(  the  palladium  lube  and  of  the  globes  gave 
the  hydrogen  and  oxygon  consumed.  The  manipulator  lu 
which  the  gases  were  combirie<i  and  the  water  collected  is 
represented  in  Fig.  43.  The  gases  entered  through  two  small 
tnbes  marked  A.  Ju.^t  ahove  them,  between  two  platinum 
Sf'  tL  Jo  ■'^f'  vf'nes,  a  discharge  of  electricity  siartcd  the  union  and  when 
I  .,.•        I        necessary  maintained  it.     The  vessel  was  fii-st  lllled  by  admiu 

v(^=  "  S^^^  ting  oxygen,  and  the  hydrogen  was  burned  at  the  month  of 
the  tube  from  whicli  it  isRued.  This  part  of  Uie  apparatus 
was  immersed  in  a  ve.ssol  of  water  with  tran»pareut  walk 
throux;h  which  the  union  could  be  watched,  and  the  steam 
formed  was  condensed  and  collected  in  the  bottom  of  the  ves- 
sel. The  vacuum  thus  produced  en,>ibled  the  oxygen  continually 
to  flow  into  the  manipulator  from  the  globes.  In  this  way 
forty-two  liters  of  hydrogen  and  twenty-one  liters  of  orygen 
could  be  combined  in  about  an  hour  and  a  half. 

At  the  end  of  tho  experiuieut  this  part  of  the  apparatus 
was  disconnected  and  placed  iii  a  freeicing  niixttire  which  con. 
verted  the  water  Into  ice  aud  practically  condensed  the  whole 
of  its  vapor.  The  unconibined  gas  in  the  apparatus  was  withdrawn  and  its 
nature  and  quantity  determined.  The  increase  in  weight  of  the  manipulator 
gave  the  quantity  of  water  formed.  The  success  of  each  experiment  could  l>e 
tested  by  comparing  the  sum  of  the  weights  of  oxygen  and  hydrogen  with  that 
of  the  water  obtained  from  theni.  The  manipulation  was  so  skilful,  and  tha 
various  corrections  used  were  so  adequate,  that  this  difference  was  almost 
negligible.  Tbe  ratio  of  hydrogen  to  oxygen  in  water  in  this  series  of  experi- 
ments was  2  ;  15.870,  a  result  which  agreed  with  the  other  methods  of  determin- 
ing the  same  ratio  which  Morley  used.  It  agrees  also  exactly  with  the  average 
of  the  numbers  obtained  by  severid  other  observers. 

The  moat  probable  value  of  the  ratio  by  weight,  takiug  his  own 
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and  other  trustworthy  measurementa  into  account,  is  given  by  Morley 
as    2  :  15.879   or   2,015  :  10.      The   proportion    by    volume 
volumes  of  hydrogen  to  1  volume  of  oxygen. 

That  the  proportion  by  vohune  is  very  close  to  2 ;  1  may  easily  be 
shown.  We  may  use  a  U-shaped  tul>e  closed  at  one  end  by  a  stojwock 
and  graduated  (Fig.  44).  At  lirst,  the  left  linib  of  the  tube,  called  a 
eudiometer,  is  filled  ■w'ith  mercury.  One  of  the  gases  is  twlmitted  so  aa  to 
fill  a  portion  of  tlie  till*  and,  the  levels  having  been 
equalized  (<•/.  p.  82),  the  volume  of  the  gas  is  reail. 
Then  some  of  the  other  gna  is  iutrodueed  and  the 
leveling  and  reading  rejieated.  Let  us  suppose 
tliat  15  CO.  of  hydrogen  and  10  c.c.  of  oxygen 
have  thus  been  taken.  The  right  limb  is  then 
filled  with  mereuiy  and  closed  firmly  with  the 
tbunib.  A  spark  from  an  induction  coil  jiii-saing 
between  the  two  short  platinum  wires  near  the  tfip 
of  the  tube  exydodes  the  mixture.  The  steam  i>ro- 
duced  by  the  union  condenses  almost  immediately 
■od  occupies  practieally  no  volume  worth  con- 
mdering.  When  the  thumb  is  removed,  the  mer- 
cury rises  on  the  left  and  fills  up  the  space  left 
by  the  disappearance  of  jiart  of  the  gases.  Unless 
the  proportion  taken  happens  to  have  been  exact, 
some  of  one  or  other  of  the  gases  will  remain. 
Its  vulujiie  is  measured  by  equalizing  the  levels 
and  reading  as  before.  Iti  the  ame  we  have  im- 
agined, the  residual  gas  is  oxygen,  and  there  are 
almost  exactly  2.5  c.c.  of  it.  It  is  evident,  there- 
fore, that  15  c.c.  of  hydrogen  united  with  7.5  c.c.  of  oxygen ;  in  other 
words,  the  propoition  by  volume  is  2  ;  1, 


Fig.  44. 


€faj/-LHit»ac'ii  Lnw  of  Contbinhif/  VolttmeK. —  The  almost 
mathematical  exatitness  with  wliich  small  integers  express  this  propor- 
tion is  not  a  mere  coinci<ienee.  Wneuever  gases  unite,  or  gaseoai 
{fO-odaota  ore  formed,  the  proportiou  by  volums  (measured  at  the 
ffiuae  temperature  and  pressure)  of  all  the  gaseous  bodies  coucerned 
can  be  represented  very  accurately  by  ratios  of  small  integers.  This 
\A  i^led  Oay-Lussac's  la'w  of  combining  volumes  (1808).  Thus,  when 
the  aliove  exj>eriment  is  carried  out  at  100°,  in  order  that  the  product, 
Water,  may  be  gaseous  also,  it  is  found  that  the  thi'ee  volumes  of  the 


constituents  give,  almost  exactly  two  volumes  of  steam.     For  example, 

15  c.c.  of    hydrogen  and  7.5   c.g    of  oxygen    give   15    c.c.  of   steam. 

Of  course  the  hydrogen,  oxygen,  and   Steam    must   be  measured  at 

the  same  pressure,  and  the  temijerature 
must  remain  constant  (100")  (lliring  the 
experiment,  Projier  manipulation  secures 
the  former,  and  a  jacket  filled  with  steam 
(Fig.  45)  the  latter  condition.  Strips  of 
pajH?r,  1,  2,  and  .'i,  are  pasted  on  the  jacket 
in  sut'h  a  way  that  equal  lengths  of  tUe 
eudiometer,  in  this  case  a  straight  one, 
are  laid  off.  The  three  divisions  having 
lieen  filled  with  a  mixture  of  hydrogen 
and  oxygen  in  the  projier  proportions,  the 
gas,  after  the  explosion,  slu-inks  so  as  to 
occupy,  at  the  same  pressure,  only  two 
of  them. 

From  this  universal  truth  in  regard 
to  the  combination  of  gases,  we  draw  th« 
important  inference  that  the  chemicad 
uMt-'welgtitB  of  simple  Hubstancea,  and  the 
formula-weights  of  compounds.  In  the 
gaaeons  condition,  occupy  at  the  same 
^^  temperature  and  pressure  voIumeA  vrMch 
'^PrffjC s^B  equal  or  stand  to  one  another  in  the 

_  *™f   ^^  ratio  of  small  integers  (see  Molar  weights). 

FlQ.  «, 

The  chemical  behavior  of  the  other  compound 
of  hydrogen  and  oxygen,  hydrogen  peroxide 
(^.9,)i  is  difficult  to  comprehend  until  turther  experieuue  has  been  gained. 
Then,  loo,  its  formula  (HjO,)  camiot.  be  jUHtifled  until  the  tneana  of  deter- 
mining molar  weighus  iu  solution  have  been  discn.'ised.  In  view  of  these  facts, 
Mid  becniiso  it  furnisheii  the  einiplesl  iltustration  of  the  meaning  of  a  structural 
(orinulit,  tt  conception  which  would  be  quite  out  of  plaoe  at  tiiia  Mage,  it  will  be 
taken  up  later. 


Exerci/tes,  —  1.  Name  some  other  transitions  from  one  physical 
state  to  another  which  are  familiar  (p.  115). 

2.  Wliat  evidence  is  there  in  the  common  hehavior  of  ether, 
alcohol,  and  chloroform  tending  to  show  that  these  liquids  have  high 
vapor  tensions '' 
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3.  If  the  pressure  of  the  steam  in  a  boiler  ia  ten  atmospheres,  at  what 
temperature  is  the  water  boiling  (p.  116)  ? 

4.  How  many  grams  of  water  could  be  heated  from  20°  to  100°  by 
the  heat  required  to  melt  1  kgm.  of  ice  at  0°  ? 

6.  What  do  you  infer  from  the  fact  that  alum  and  washing  soda 
lose  their  water  of  crystallization  when  left  in  open  vessels,  while 
gypsum  does  not  (p.  121)  ? 

6.  Which  facts  show  conclusively  that  hydrates  are  true  chemical 
oompounds?  Is  there  any  fact  which  throws  doubt  on  this  con- 
clusion ? 

7.  In  what  way  does  a  hydrate  differ  from  (a)  a  solution,  (b)  an 
hydroxide  ? 

8.  Should  you  expect  to  find  any  difference,  in  respect  to  chemical 
activity,  between  the  three  forms  of  water  (ice,  water,  and  steam)  ? 
If  80,  arrange  them  in  the  order  of  probable  increasing  activity  (pp. 
26-28).  Have  we  had  any  experimental  confirmation,  or  the  reverse, 
of  this  conclusion  ? 

9.  Which  contains  more  chemical  energy,  and  is  therefore  more 
acfive,  the  anhydrous  substance,  or  the  corresponding  hydrate  ? 


CHAPTER  IX 

THE  KINEnC-MOI.ECUl.AR   HTPOTHESIS 

As  soon  as  we  Imve  constructed  a  law  (\\  7)  we  desire  immediately 
to  fimt  out  the  basis  of  tiie  coiiataot  mode  of  behavior  it  eiijtomizcs. 
If  no  explanation,  tliat  is,  more  detaUed  description,  is  forthcoming 
as  the  result  of  closer  observation,  we  proceed  to  I'maf/ine  one  (p.  10). 
This  always  takes  a  mechanical  form,  often  crude  at  first,  and  later 
undergoing  refinement.  Thus,  at  first,  the  phenomena  of  light  were 
explauiod  by  the  conception  of  clouds  of  fine  corpusides  emanating 
from  the  luminous  body.  The  chances  of  hitting  upon  an  objective 
reality  by  guess-work  like  this  is  olmously  remote.  'Whether  such 
particles  did  really  fly  almut  was  not  the  main  question,  however. 
Their  value  lay  in  the  fact  that  they  could  be  pictured  concretely  and 
gave  a  basis  for  further  thought  and  jierhaps  suggestions  for  new 
experiments.  Such  a  structure  of  the  imagination  is  willed  an  bypoth- 
esla.  If  it  furnishes  an  explanation  of  more  tlian  one  law,  so  much 
the  better. 


The  Molecular  Itt/potheuli*.  —  The  only  meohauical  basis  we  «an 
imaguie  to  account  for  the  phyaifal  properties  of  matter  is  a  discontin- 
uous structuiB  of  some  description.  The  fact  that  aU  kinds  of  matter 
can  be  compressed  (gases  to  an  enormous  extent,  solids  and  liquids  to  a 
ineivsurablo  extent)  may  be  explained,  either  by  a  diminution  in  the 
volume  of  the  nutterial  itself,  or  by  the  closer  packing  together  of  the  par- 
ticles into  which  this  material  is  divided.  It  is  evident  that  the  latter 
is  much  more  in  harmony  with  our  exj>erieuce.  Compression,  we 
imagine,  therefore,  does  not  diminish  the  actual  volume  occu])ied  by 
matter,  but  crowds  the  particles  closer  together  and  diminishes  the 
space  between  them.  The  same  hypothesis  will  furnish  a  concrete 
description  of  how  one  kind  of  matter  will  frequently  absorb  a  large 
quantity  of  another.  Thus  we  pictui-e  the  hydrogen  gas  taken  up  by 
iron  and  other  metals  33  being  packed  away  in  the  spaces  between  the 
jkirticles  of  the  metaL  So  also,  in  solution,  the  volume  of  the  liquid 
does  not  usually  increase  by  an  amount  equal  to  that  of  the  aubstanoea 
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disaolverl.  Hence  we  imagine  the  partieloa  as  posstilily  innoiiipresailile 
and  the  interstices  between  tli«ui  ivj  furnishing  a  part  of  the  aci'omnio- 
dation  for  the  foreign  laateriaL  A  partiele  ia  a  fragment  of  matter 
which  can  be  seen  and  measured  direetly,  and  handled  separately. 
Since  the  pai-tieles  of  this  hypotliesis  have  none  of  thesu  ijualitiea,  we 
distinguish  them  by  the  name  molecules.  Molecules  are  tbe  imagiaary 
units  of  wblcJi  bodies  axe  aggregates. 

Sinetj  the  bdmvior  of  gases  has  teen  considered  most  hilly  in  the 
preceding  ehajjters,  and  is  in  any  ease  capable  of  more  exact  and 
8imf>le  description  than  that  of  solids  or  liquids,  we  shall  apply  this 
hypothesis  first  to  theut. 

KUietlc- Molecular  Hf/pothegiit  Applied  to  Gnuea-  —  Let  ns 
first  build  up  our  hypothesis  to  tit  the  qiiaUtativc,  properties  of  gases. 
The  most  remarkable  thing  alxnit  a  gas,  considering  the  looseness  with 
which  its  material  is  packed,  is  the  total  ubst-Hce  in  it  of  any  tendency 
to  nettling  or  subsidence.  Since  the  molecules  cannot  l)e  at  rest  upon 
«>ne  auother,  as  the  great  romprf/itiiltUiti/  shows,  we  are  driven  to 
snppoE^e  that  they  are  widely  separated  from  one  another,  and  that 
they  occupy  the  spa<?e  by  constantly  moving  about  iu  all  directions. 
But  a  moving  aggregate  of  particles  which  does  not  even  finally  settle 
must  be  in  perpetual  motion.  Wo  must,  therefore,  ima^ne  the  mole- 
cules to  be  wholly  unlike  particles  of  matter  iu  having  perfect  elaitielty, 
in  consequence  of  which  they  undergo  no  loss  of  energy  after  a 
colliaion.  They  must  continually  strike  the  walls  of  the  vessel  and 
one  another  and  rebound,  yet  without  loss  of  motion.  T!ie  dlffusthUitij 
of  gaaeii  and  their  mutual  permeabUity  require  no  additional  aasumj)- 
tions.  The  fact  that  each  giis  is  homo'jeneous,  efforts  to  sift  out  lighter 
or  heavier  samples  having  failed,  requires  the  supposition  that  all  the 
molecules  of  a  ])ure  gas  are  closely  alike. 

Passing  now  to  BntjU-'s  law  (p.  84),  the  thing  to  he  accounted  for 
is  that  wlien  a  sample  of  a  gas  diminishes  in  volume,  its  pressure 
increases  in  the  same  proportion.  Let  the  diagram  (Fig.  40)  represent 
a  cylinder  with  a  movable  pistjaii,  upon  which  weights  may  be  placed 
to  resi.st  the  pressiire.  Now  the  pressure  exercised  by  the  gas  cannot 
Vie  like  the  pressure  of  the  hand  ujiou  a  table,  since  we  have  just 
assumed  that  the  particles  are  not  even  aijproxunately  at  rest,  and  the 
spaces  between  them  are  enormous  compared  with  the  size  of  the 
molecules  themselves.  The  gaseous  pressure  must  therefore  be  attri- 
buted to  the  colossal  hailstorm  which  their  innumerable  impacts  upon 
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Fig,  46. 
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the  piston  produce.  If  this  is  the  ease,  the  compressing  of  a  gas  must 
fionsiat  simply  in  moving  the  paitition  downwards  ao  that  the  pai-ticles 
they  fly  about  are  gradually  restricted  to  a  smaller  and  smaller 
space.  Their  paths  become  on  an  average  shorter  and  shorter.  Their 
impacts  upon  the  wall  become  more  and  more  frequent.  So  the 
pressure  which  this  occasions  becomes  greater  and  greater,  and  is  pro- 
portional to  the  degree  of  crowding  of  the  molecules. 
There  are  two  otlier  points  which  must  be  atlded.  When 
we  'diminish  the  volume  to  one-half,  we  find  from  experience 
that  the  pressure  becomes  exactly,  or  almost  exactly,  twice 
as  great.  This  must  mean  that  although  the  iiarticlea  are 
becoming  crowded  they  do  not  interfere  with  one  another's 
motion,  excepting  of  course  where  actual  collision  causes 
a  rebound.  Only  in  the  absence  of  interference  would 
douliling  the  number  of  piirticles  per  unit  of  volume  give 
exactly  double  the  numljer  of  impacts  on  the  walls.  Hence 
the  particles  must  have  practically  no  tendency  to  cohesion. 
Again,  the  molecules  must  move  in  straight  lines,  bec^u^e, 
If  they  moved  in  orbits  of  some  kind,  many  of  the  orbits  would  not  be 
intersected  by  the  wall  of  the  vessel  until  great  reduction  in  the 
volume  had  taken  place,  ami  thiis,  as  the  volume  diminished,  the  fre- 
quency of  the  impacts,  and  therefore  tho  pressure,  would  increase 
faster  tluoi  the  concentration, 

Boyle's  law  therefore  adds  four  more  conceptions  to  our  molecular 
hypothesis,  namely,  that  the  Impacta  of  tlie  particlea  produce  the  press- 
ure, that  the  erovrding  of  the  moleculeB  represents  the  coneentratioti 
(p.  SO),  and  that  the  particles  move  in  atralght  Hue*  and  ahofr  almoat 
no  Gotaesloa,  since  pressure  and  concentration  are  very  closely  propor- 
tional to  one  anotfier. 

It  will  be  s«GD,  on  consideration,  tha,t  if  the  molecules  are  assumed  to  repel 
one  auuther,  they  would  do  ho  more  violently  the  more  closely  they  were  packed 
together.  This  aasumptioQ  would  therefore  suit  the  caae  of  a  gafieous  body  in 
which  the  preMures  increased  arcording  to  Home  power  of  the  concentration  other 
than  the  first,  and  therefore  much  more  rnpidly  than  in  known  gasea.  In  spite  ot 
its  inapplicability,  this  notion  m  supposed  by  many  people  to  be  part  of  the 
kinetic  hypothesis. 

Churle^  law  (p,  87),  that  a  gas  receives  eqital  increments  in  volume 
or  pressure  for  equal  elevations  in  temperature,  requires  Imt  one  addi- 
tion to  the  hypothesis.  Concretely,  if  our  specimen  of  gas  (Fig.  4(3)  is 
at  0°,  and  we  permit  its  pressure  to  remain  constant  by  leaving  tha 
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same  weight  on  the  piston,  then  when  the  temperature  of  the  gas  is 
raised  to  1'',  the  volume  will  gain  j  J  j  of  the  original  volume.  If,  on 
the  other  hand,  we  restrict  the  gas  to  the  original  volume,  the  pressure 
will  evidently  increase,  and  the  augmentation  will  he  5^3  of  the 
original  pressure.  Kow,  how  can  we  account  for  an  iuereaae  in 
prtssure  aa  the  result  of  heating  a  mass  of  rapidly  moving  molecules  ? 
The  action  of  a  jtarticle  colliding  with  a  surface  is  nieasured  in  physics 
in  terms  of  its  m.ass  and  its  velocity.  It  is  evident  that  fieating  a  cloud 
of  molecules  wmdd  not  increase  the  mass  of  each,  and  it  luust  there- 
fore increase  the  velocity  of  eacb  since  the  kinetic  energy  of  aU 
becomes  greater.  This  conclusion  is  in  haa'mony  with  our  experience 
that  violently  ruhbing  a  solid  raises  its  temperature,  and  such  a  mode 
of  treatment  might  plausibly  be  supposed  to  communicate  motion  to 
the  muiute  parts  of  the  body. 

The  fact  that  the  Mmbining  vnlumes  of  ijaseous  sithstavftes  rtre  tqual, 
ftr  stand  to  one  awjther  in  the  ratio  of  small  whole  nnvthers  (ef.  Oay- 
Lussac's  law,  pp.  125-126),  suggests  two  ideas :  First,  that  chemical 
combination,  considered  in  detail,  and  arranged  to  harmonize  with  this 
hj'pothesis,  woidd  involve  tuiloiw  of  a  few  particles  of  more  than  one 
kind  to  foijn  compa«ite  molecuUH.*  And,  second,  that  a  simple  inte- 
gral relation  luust  Iw  assumed  to  exist  between  the  aumberB  of  mole- 
otUsB  ia  equal  Tolumes  of  different  gaseB,  at  the  same  temperature  and 
pressure.  Avogadro  (1811),  the  professor  of  physics  in  Turin,  put 
forward  the  hyjiothesis  that  these  numbers  might  be  equaL  A  more 
ataict  study  of  the  assumptions  we  have  been  making,  and  of  some  addi- 
tional facts,  has  since  sliown  that  no  other  conjecture  than  Avogadro's 
would  be  consistent  with  them.  Thus  it  now  bears  the  relation  of  a 
Ictgical  deduction  from  the  kinetic-molecular  hypothesis  and  the 
properties  of  gases,  and  is  known  a."}  Avogadro'a  bypotheBia.  It  may 
also  Ik  put  in  the  form  :  At  the  eaine  temperature  and  presaure,  the 
molecular  concentration  (f/.  p.  80)  of  all  klnda  of  gaaea  haa  the  same 
value. 

The  law  of  diffusion  (p.  108)  harmonizes  with  the  kinetic-molecular 
hypothesis  without  further  modification  of  the  latter.  Tlie  strict 
deduction  of  this  law,  as  well  as  of  tlie  preceding  ones,  from  our  series 
of  assumptions,  will  l)e  found  in  any  work  on  physiciil  chemiatry. 

Finally,  we  have  referred  (p.  85)  to  the  fact  that  at  low  pressures 

"  This  \s  essentially  the  idea  used  by  Dalton,  before  Gay-Lussitc'a  law  was 
known,  however,  for  the  explanation  of  the  lawa  of  chetnical  combination,  He 
called  it  the  atomic  hypoLhesis  (q-v.). 
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the  eoncentratha  inenoMet  inore,  ami  at  hiffh  preisiitcrei  much  lesn  thiiu 
Boyle's  laiv  indicates.  The  former  effect  is  brought  into  acuord  with 
our  hypothesis  wheu  we  remember  that  the  matter  even  of  gases  cau 
cohere,  as  is  sho\\ai  plainly  when  they  are  solidilied.  The  tendeney  of 
the  molecules  to  cohere  must  therefore  show  itself  in  the  gaseous  con- 
dition by  iiulling  the  gas  together  and  producing  somewhat  greater 
(•oneentratioo  than  is  strictly  consistent  with  the  value  of  the  pressure. 
Although  tlus  effect  of  cohesion  is  usually  insignificant,  the  modem 
method  of  hquefyiug  gases  ('/.i'.)  dejvends  upon  it  almost  entirely. 

The  abnormally  small  rednctious  in  volume  which  occur  when  the 
volume  of  the  gas  hiis  abeaily  l>een  greatly  reduced  remind  us  that,  ac- 
cording to  our  hypothesis,  it  is  only  the  s[wce  between  the  molecules 
that  is  diminished  as  pressure  rises,  and  not  the  space  occupied  by  the 
molecules.  Hence,  when  the  i  in  decides  have  beeonio  so  crowded  to- 
gether tliat  this  irreducilile  sjiace  In-gius  to  form  an  appreciable  frac- 
tion of  the  whole,  a  donbling  of  the  pre.SHurc  will  dimini.sh  to  one-half 
its  value  only  a  part  (the  vacant  part)  of  the  volume  the  gaa  occupies. 

If  tbo  incompressible  space  occupied  by  the  molecules  is  called  h,  and  that  of  the 
whoVo  gas  D,  theD  ttie  aitiended  form  uf  Boylc's!  luvv  reads  p  (s  — Ci)-^couNULiit.  Sim- 
ilarly, if  the  cohesive  tendency  is  taken  into  account,  it  is  plain  that  its  cSect  will 
be  uumorically  greater  at  small  vohimes,  although  not  ho  easily  observed.  It  is  in 
fact  inversely  proportioua!  tii  the  square  of  the  volume.  If  it  is  expressed  in  the 
Hauie  miits  as  the  pre.SBure  by  a,  ibe  total  of  the  compressing  ten<.ltiiicies  t>econies 

p  +  — .    Hence  Boyle's  law,  for  constant  temperatures,  as  auiended  by  Van  der 

Waalfl,  reads  ip+  -j]  (o  —  6)  =  constant,  a  formula  whi(!h  describes  the  actual 

behavior  of  most  gases  with  remarkable  accuracy.  Hydrogen  alone,  at  ordinary 
temperature.H,  shows  no  excessive  coniprcsHlbility  at  low  pressures.  The  cohesion 
la)  is  so  slight  tliat  tlm  eSect  of  the  constant  (b)  counterbalances  it  from  the  very 
brst. 

We  may  stiinmarize  the  facts  about  gasea,  appearing  in  italics 
above,  with  the  corresjjouding  fictions,  in  heavy  type,  wliich  we  have 
added  one  by  one  in  manufai^turing  our  hypothesis,  aa  foDowa  : 


Facts. 


Non-settling  . . . 
Compressibility . 
DiffusibiUty  . . . . 
Periueability  . . . 


Homogeneity 


HTPormena. 


TTlio  fictitious  particles  called  molecules  are, 
J  at  0°  and  760  mm, ,  atgreiit  average  distances 
]  from  one  another;  they  are  in  constant 
|_     motion  and  have  perfect  elasticity. 

The    mohjculcs   of    the    same    substance    are 
closely  alike. 


d 


Relation  of  pressare  and  concen- 
tnUiou  ilioyle'slaw). 


Relation  of  volume  (or  pressure) 
atid  temperature  (Charles'  law). 


Relation  of  atomic  wel^htR  and 
volume*  (Gay-Liisstic'H  law). 


Law  of  diSusioii. 


h 


Abnormal  incnrnpreasibllity,  e»- 
peciaily  at  high  pressures. 


Abnormal    compresaibllity,    es- 
pecially at  luw  presBiireii. 


Tlie  effect  of  pressure  is  produced  by  the  Im- 
piictii  o(  tlie  uuleouEcs,  and  ih  propuitioual  to 
the  diigrt-e  to  which  they  are  crowded  lo- 
fjother  ;  the  molecules  move  in  Btraiglit  lines, 
aud  have  almost  uo  tendency  to  cohesion, 

A  rine  in  temperature  increasea  the  velocity 
and  tberefure  th3  kinetic  eneiigy  of  the  mole- 
cideii. 

Cliemical  union  consists  in  fusion  of  different 
kliidi)  of  molocules  (Daltou's  hyp«)thesi»),  of 
which  lliere  are  equal  numbers  in  equal  vol- 
umes  of  different  ga-ses  at  the  saine  tempera- 
ture and  pressure  (Avogadro's  hypothesis). 


The  molecules  themselves  are  locompreBslble. 


The    tendency    to    eohesion  becomes  evident 
under  tH)me  circumataiices. 


C'fltiefil  Phenomena.  —  We  may  now  use  the  terms  of  the  kiii- 
etio-muleeular  hyixithL'sia  in  desoribing  a  projwrty  of  gases  not  yet  tUs- 
CQSsed.  Wlien  the  concentration  of  a  gas  at  ordinary  teraperaturea  is 
greatly  increased  by  comprtissioii,  the  cohesive  fortvs  have  an  oppor- 
txmity  to  prodnee  liquefaction.  In  njany  cas<:'S,  as  with  suljjhur  diox- 
ide and  earbon  dioxide,  when  the  approximation  of  the  moleculcB  has 
reaehfd  a  eertain  point,  the  liquid  tegins  to  form  on  the  sides  of  the 
vessel.  The  condition  is  then  exactly  the  same  as  that  of  aqueous 
vapor  and  water  (p.  117),  and  no  further  itjcveaije  in  pressure  is  required 
to  complete  the  liquefaction  of  tlie  whole.  The  only  difference  be- 
tween steam,  at  a  pressure  lielow  the  aqueous  tension  of  water  at  10', 
and  carl«iu  dioxide  at  the  same  temperatuie,  is  that  not  more  than  9,1 
mm,  of  pressure  is  required  to  liquefy  the  steam,  wliile  about  60  atmos- 
pheres are  needed  to  liquefy  the  carbon  dioxide. 

Tb«pe  are  some  gases  in  which,  at  the  ordinary  temperature,  even 
with  the  closest  approximation  of  the  molecules,  the  cohesion  is  unable 
to  overcome  the  motion  of  the  molecnles  and  draw  the  material  together 
into  the  more  compact  liquid  form.  Such  gases  are  hydrogen,  oxygen, 
nitroffen,  and  air,  which  is  a  mixture  of  the  laat  two.  The  remedy  is 
obvious.     We  know  of  no  way  to  inoreaae  the  intrinsic  cohesiveness  of 
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the  material,  but  we  can  reduce  the  kinetic  energy  of  the  molecules  by 
lowering  the  teiiiperature  of  the  gas.  When  this  has  been  done  suffi- 
ciently, compression  is  followed  by  liquefaction.  Kow  it  is  found  tljat 
there  is  a  eritieal  value  for  each  individual  gas  to  or  bej'ond  which  the 
kinetic  energy  must  be  reduced  by  lowering  the  tcmjwirature,  before 
the  cohesive  tendency  of  that  particular  gas  can  become  effective  t-o  pro- 
duce litptefaetion.  The  highest  temperature  below  ivhieh  liquefactiou 
is  possible  is  called  the  critical  temperature.  For  oxygen  this  temper- 
ature is  —118°,  for  hydrogen  about  —234°,  for  nitrogen  —  14r»°.  For 
carbon  dioxide  it  is  31.35°,  for  sulphur  dioxide  156°,  for  water  358°. 
The  temj)erature  of  a  room  being  beiow  the  critical  point  of  the  last 
three  substances,  tbey  are  all  liquefiable  without  cooling,  and  more 
easily  the  farther  tlio  ordinary  (say  20°)  lies  below  the  critical  tem- 
perature. 

The  foi'efjoing  is  an  examj)le  of  how  the  images  furnished  by  an 
hypothesis  assist  us  in  uuderstjinding  facts,  and  how  the  figurative 
language  it  suggests  enables  us  to  explain  tlie  relations  of  the  facts 
briefly  and  vividly.  In  interpreting  statements  like  the  above,  how- 
ever, we  must  pArefuUy  distinguish  tietweeti  the  facfc?  they  contain, 
■which  are  peruuinent,  and  the  fictions  and  figures  of  speech  in  which 
we  have  clothed  them.  The  wrappings  wiU  doubtless  go  out  of  fashion 
and  change  ui  the  future,  as  they  have  done  in  the  past,  in  response  to 
our  preference  in  emphasizing  some  different  inter-relation  in  the 
growing  l>ody  of  truth.  The  kinetic  hypothesis  is  already  considered 
out  of  fashion  in  some  quarters. 

Khietic  Hf/pothe»iit  Applied  to  Llqii  id m.-^  The  phenomena  oon- 
ncct.ed  with  surface  tension,  sucSi  as  coherence  into  drops,  show  that 
cohesion  plays  a  larger  part  in  lirpiids  than  in  gases.  The  formation 
of  vajwr  from  cold  liquids,  however,  requii-es  us  to  suppose,  using  the 
terms  of  the  hypothesis,  that  motion  of  the  molectdes  has  not  been 
anuiliilated  by  cohesion.  To  be  consistent,  we  have  also  to  imagine 
that  the  vapor  above  the  liquid,  for  example  the  wat«r  in  the 
barometer  tulje  in  Fig.  30  (p.  116),  is  not  composed  of  the  same 
Bet  of  molecules  oue  minute  as  it  was  during  the  preceding  miiuite. 
Their  motions  must  cause  many  of  them  to  plunge  into  the  liquid, 
while  others  emerge  and  take  their  places.  ^Vhen  the  water  is  firtit 
introduced,  there  are  no  molecules  of  vapor  in  the  ajiat^e  at  all,  so  that 
emission  from  the  water  predominates.  The  pressure  of  the  vapor 
increases   as  the   concentration  of   the   molecules   of   vapor  becomes 
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greater,  hence  the  mercnrj'  column  falls  steadily.  At  the  same  time 
the  numlier  of  gaseous  moleciiles  plunging  into  the  wiiter  i>er  eeeond 
miiBt  iiicfease  in  proportion  to  the  degree  to  which  they  are  ei-owded  in 
the  vapor,  Ilenee  tlie  rate  at  wliich  vapor  molecules  enter  the  water 
must  eventually  eijuul  that  at  which  other  molecules  leave  the  liquid. 
At  this  point,  occasion  for  visible  change  ceases  and  the  mei-cury  comes 
to  rest.  We  are  bound  to  think,  however,  of  the  exchange  aa  still 
going  on,  since  nothing  lias  occurred  to  stop  it.  The  condition  is  not 
one  of  rest  but  of  rapid  and  equal  exchange.  Stich,  described  in 
terms  of  the  hypothesis,  is  the  state  of  affairs  which  is  characteristic 
of  a  condition  of  equUlbrlum  (p.  117),  The  condition  is  kinetic,  and 
not  static. 

To  get  a  clear  notion  of  a  state  of  equilibrium,  we  must  distinguish 
two  opposinij  tendencies,  which  when  equilibrium  is  roatdied  Imlance 
one  another.  In  the  barometer  at  rest,  for  example,  there  aro  the  two 
pressures,  that  of  the  air  and  that  of  the  mercury.  Here,  one  is  the 
hail  of  molecules  leaving  the  liquid  which  is  constant  throughout  the 
above  experiment.  It  represents  the  vapor  tenaion  of  the  liquid 
(p.  116).  The  other  is  the  hail  of  returning  molecules  which  iucreases 
steadily,  at  first,  as  the  concentration  of  tho  vapor  becomes  greater. 
This  is  the  vapor  presiure  of  the  vapor.  These  have  the  effect  of  op- 
posing pressuj-es,  and  wln'n  the  latter  Ix'comcs  equal  to  the  former, 
equilibriiua  ia  estabhshed.  Both  are  still  at  work,  but  neither  can 
effect  any  visible  change  in  the  system.  The  kinetic  point  of  view  we 
have  here  used  is  employed  so  continually  in  chemistry  that  it  should 
be  studied  attentively. 

When  tlie  temperature  of  a  liquid  is  i-aised,  the  kinetic  energy  of 
its  molecules  ia  increased,  the  rate  at  which  they  leave  its  surface 
Ijecomes  greater,  the  vapor  tension  increa.ses,  and,  hence,  a  greater 
concentration  of  vapor  can  be  maintained.  Thb  puts  into  the  lan- 
guage of  our  hypothesis,  the  change  in  vapor  tension  with  tempera- 
ture (j).  116), 

When  the  liquid  is  plac^'d  in  an  open  shallow  vessel,  there  is  prac- 
tically no  return  of  tlic  emitted  molecules.  Hence  complete  evapora- 
tion takes  place.  Elevation  of  the  temperature  hastens  the  process. 
A  draft  insures  the  total  prevention  of  all  returns,  and  has  therefore 
the  same  effect.  The  two  methods  of  assisting  the  forward  displace- 
ment of  an  cfiuilibrium,  and  particularly  the  second,  in  which  the 
Opposed  process  ia  weakened  and  the  forward  process  triumphs  solely 
OQ  this  account,  should  be  considered  attentively  (see  Chap,  xv). 
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Dljfiiitiou  in Liqtiitlti.—yVe  are  fui'ther  compelled,  in  applying  our 
hypotliusis,  tu  sYippose  tliiit  tliere  is  motion  of  tlie  moletsulea  inside  the 
liquiil.  Wiien  alcohol,  as  tLe  lighter  liquid,  is  floattsd  upon  water  iu  a 
cylinder  (Fig.  47),  the  plane  aepiuating  the  liquids  is  at  tii'st  easily 
visilile.  Hut  soon  it  Iweoines  obliterated.  The  water  djliusesi  upward, 
and  the  alcohol  downwai-d,  each  silting  its  way  thi-ough  the  other  iji 
spite  of  gravity.  The  wniplete  mixing  of 
the  liquids  takes  a  mueh  longer  time  th;ui 
in  the  tiase  of  two  gaaes.  It  may  take  months. 
But  even  hero  the  hypothesis  helps  us  by 
pointing  to  the  vast  impediment  which  the 
close  packing  of  the  molecules  must  place  in 
the  way  of  the  progress  of  any  one  mole- 
cule. Further,  once  the  mixture  is  formed, 
no  tendency  to  spontaneous  separation  is 
ever  observed.  Here  ^ain,  the  hypothesis 
shows  that  none  is  to  be  expected.  If  it  oc- 
curred, it  would  be  immediately  undone  by 
diffusion. 

Kinetic  lli/pothenltt  AppUctl  to  SttlidM, 

— The  pioperties  of  solids  differ  from  tliose 
of  liquids  chieHy  in  the  fact  that  the  solid 
has  a  definite  form  of  which  it  can  be  de- 
prived only  with  difficulty.  This  we  may 
explain  in  accordance  with  the  kinetic  hypothesis  by  the  .supposition 
that  the  cohesion  in  solids  is  very  timch  moi-e  prominent  than  in 
liquids.  We  obtain  solids  from  hquids  by  cooling  them ;  in  other  words, 
by  (Uiuinishing  the  knietic  energy  and  therefore  the  velocity  of  the 
pait if'les.  The  cohesive  tendency  of  the  latter  is  thus  able  to  make 
itself  felt  to  a  greater  extent.  If,  conversely,  we  heat  a  solid,  or, 
according  to  the  hypothesis,  if  we  increase  the  speed  with  which  the 
particles  move,  the  Ixxly  fii-st  melta  and  gives  a  liquid,  and  this  finally 
boils  and  becomes  a  gas.  The  intrinsic  cohesion  of  the  particular  sul>- 
stiince  can  undergo  no  chauge,  but  the  increasing  kinetic  energy  of  the 
particles  steadily  and  continuously  obliterates  its  effects.  Yet  some 
motion  still  sui'vivcs  in  a  solid.  Thus  we  find  that  when  the  layer  of 
silver  is  stripped  from  a  very  old  piece  of  electroplate  tlie  presence  of 
this  metal  in  the  German  silver  or  copier  basis  of  the  article  is  easily 
demonstrated. 
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Roberts  Austen  haa  foimil  thai  if  bars  ot  Itail  iwo  iirupai'wl,  in  one  end  of  whivh 
rui  alloy  contaiuuig  a  ccrtaiu  proportion  ot  gold  liaa  b««ti  uswj,  while  Ibe  reinairider 
u(  Uitj  bar  ht  couiposwi  ol  pure  leiul,  Llie  jfoltl  lisu)  u  ttiidency  to  waijclei-  slowly  into 
Uie  5>ur6  lead.  The  process  is  greai.ly  aided  by  kt-ppiug  ihe  bars  at  a  fiUrly  higli 
i*iii|wrature,  but  one  mucli  below  thu  meltiiig-polm  \m  amply  iiutti.;lB[il.  After  a 
*atlitble  utUirTAl  of  timu  tlie  biir  may  U;  savtn  jnlo  fi-agmuiits  of  fiiuiil  Icngtii,  ami 
U*  pMt*  MMlyxad.  The  t|iiaivtity  i.l  ^ahl  in  a  seoiion  is  lontni  to  increase  as  we 
approach  the  portion  of  ibo  bw  lo  wliicli  originally  ilie  whole  of  tha  gold  wu 
lOBflnwt. 

The  tenileiicy  of  all  solids  to  aBsiuae  crystalline  forms,  which  abow 
delinite  i.'liwivage  and  other  evidences  of  rtrtjeture,  distinguishes  them 
sharjdy  from  liquids.  The  force  of  colifsiou  in  liquids  is  exercised 
equally  in  diflfereut  directions.  In  solids  it  must  differ  iti  diiferent 
I'rtioiis  in  order  ttuvt  stnifturo  may  result.  Since  each  .sulsstance 
iwa  an  individual  sti-ucturo  of  its  own,  these  directive  forces  must 
ve  special  valuer  in  magnitude  and  direction  in  each  aubatance. 
A  crystal  arises  by  gi-owth,  When  the  prouess  is  watched,  as  it 
rs  in  a  melted  solid  or  an  evajforating  soluticni,  the  slow  and  sys- 
iiatio  additiou  of  the  material  in  lines  and  layers,  as  if  according  to  a 
giilax  design,  is  one  of  the  most  Ijeautiful  and  iuterewtrng  of  natural 
euojuena.  The  fern-hlte  ]iattt»nis  jjrtMluced  by  ice  on  a  window-paue 
abow  the  general  api»earance  cliarjicteristio  of  cryatallJKation  in  a  thin 
layer.  A  larger  mass  in  a  deep  vessel  gives  forms  which  are  geometri- 
.Uy  more  perfect.  From  its  very  iiicipieney  the  crystal  h!i.s  the  same 
form  as  when,  later,  its  outlines  can  Iw  distinguished  by  the  eye.  Hence 
fXbe  outward  form  is  only  an  exjireasioti  of  a  speeitie  internal  structure 
hieb  the  contintial  reprwluction  of  the  same  outwaitl  form  on  a  larger 
lud  hirger  scale  leaves  aa  a  memorial  of  itself  in  the  interior. 


Crf/Htat  JVir/na.— Crystalline  form  is  so  continually  used  in  iden- 
fying  (p.  36)  the  substance.'*  jiroduced  in  (rliemical  actions  that  a  list  of 
kinds  of  forms  which  occur  will  assist  in  giving  definite  meaning 
i  our  descriptions. 

The  clasHitieation  of  crystalline  forms  is  carried  out  according  to 

be  degree  of  symmetry  of  the  crystals.     Thirty-two  distinct  claaaes 

distinguished,  but  for  our  jmrpo.se  a  niugher  division  into  six 

cpups  will  sullice.     These  groups  are  kuowu  liy  the  following  names: 

1.  Be^lar  system. 

2.  C>iadratic,  or  square  prismatic  system. 

3.  Hexagonal  system. 

4.  Bbombic  system. 
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5.  Monoaymmetric,  or  monoclinic  system. 

6.  Asymmetvic,  or  triclinic  system. 
The  regular  system  presents  the  most  symmetrical  figures  of  all. 

Some  forms  which  commonly  occur  are  the  octahedron 
(Pig.  48)  shown  by  alum,  the  cube  (Fig.  6,  p.  13) 
affected  by  coramon  salt,  and  the  dodecahedron 
(Fi^.  49)  frequently  assumed  by  the  garnet. 

The  iquare  prism  atio  ay  stem  in- 
cludes less  symmetrical  forms  than 
the  previous  one,  since  the  crystals 
are  lengthened  in  one  direction.    Fig. 
60  shows  the  condition  in  which  zir- 
con (ZrSiO,),  which  furnishes  us  with  the  basis  of 
certain  incandescent  illuminating  arrangements,  occurs 
in   nature.     The  form   of   ordiiiaiy  hy- 
/"''^^v        dratcd  nickel  sulphate  (NiSO,,  (>HaO)  is  similar  to  this. 
'  ^  The  hexagonal  system,  like  the  jireceding,  frequently 

exhibits  elongated   prismatic  forma,  but  the  section  of 
the  crystals  ia  a  hexagon  iusteiul  of  a  square,  and  the 
termination  is  a  six^ided  pjrramid.     Quartz  (Fig.  51),  or 
■^^r^ — tJT'       rock  crystal,  is  the  most  famibar  niiu- 
^■'^  eral  in  this  system.     Calcite  (CaCO,), 

which  is  chemically  identical  with 
chalk,  or  marble,  takes  forms  known  as  the  sealeiio- 
hedron  ("Fig.  62)  and  rhonibohedron 
(Fig.  9,  p.  14),  which  are  classified  in 
a  suljdivision  of  this  system.  Indeed, 
recently  it  has  become  common  to 
erect  this  into  a  separate  system  (the 
trigonal),  in  which  both  quartz  and 
calcite  are  included. 

The  rhombic  system  includes  the 
natural  forms  of  the  topaz,  and  of 
sulphur  (Fig.  1,  p.  11),  as  well  as  tluit 
of  potassium  pennauganate  (Fig.  53),  potassium  nitrate 
(Fig.  98),  and  many  other  substances.  These  crystals 
exhibit  a  good  deal  of  symmetry,  but  their  section  ia 
always  rhombic,  and  hence  the  name. 
The  monosymmetrio  system  exhibits  forms  which  have  but  one 
plane  of  symmetry,     (lypsum  (Fig.  64),  which  is  hydrated  calcium 
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sulphate  (CaSO,,  2H,0),  and  felspar  are  minerals  possessing  forms  of 
this  kind.  Tartaric  ai^id,  roek  candy  (Fig,  65),  potassium  chlorate,  aud 
hydrated  sodium  (carbonate  (washing  soda)  belong  to  thia  system. 

T]ie   aBTinmetric  system   iucludes   forms 
which  have  uo  plane  of  symmetry  whatever.       /C 
Blue  vitriol  (Fig.  41,  p.  120),  (CuSO,,  6H,0),       \^ 
is  one  of  the  most  familiar  substances  of  this 
kind. 

The  forms  of  crystals  which  we  may  actually  make  seldom  corre- 
spond exa(;tly  with  the  flgiires.  If  we  allow  a  crystal  to  grow  upon 
the  bottom  of  a  vessel,  for  example,  it  will  usually 
have  a  tendency  to  spreatl  itself  out  parallel  to  the 
surface  of  the  glass,  and  when  taken  up  for  examina- 
tion will  be  foimd  to  present  a  somewhat  distorted 
form.  By  changing,  at  frequent  intervals,  the  face 
on  which  the  crystal  stands,  however,  naifonii  gi-owth 
in  all  directions  is  secured.  Hanging  a  smaU. 
crystal  by  a  thread  insures  almost  ideal  develop- 
ment. Yet  the  form  even  of  distorted  crystals  can 
reatiily  be  recognized  by  suitable  means.  The 
shape  of  the  faces  may  indeed  be  extremely  mis- 
leading. We  find,  however,  that  the  angles  at  which 
the  faces  meet  are  always  the  same,  whatever  dis- 
proportionate growth  may  have  occ^irred  in  the  development  of  the 
crystal. 

Since,  in  general,  each  substance  has  a  form  of  its  own,  no  other 
subetaaccj  as  a  rule,  can  be  used  even  part.ially  in  building  iip  the 
crystal  (.see,  however,  Isomorphism).  This 
fact  is  taken  advantage  of  in  order  to  separate 
chemical  substances  from  impurities.  The 
impure  body  is  first  dissolvetl  in  some  solvent. 
The  preponderating  substance  in  the  mixture, 
wiless  it  is  very  much  more  soluble  than 
the  impurity,  will  then  usually  give  pure 
crystals  while  the  foreign  lnj<Iy  remains  in  solution, 

The  shapes  of  gems  must  not  be  confused  with  crystalline  forms. 
The  original  crystals  are  cut  and  yjolished  to  a  new  form  specially 
adapted  to  increase  the  ornamental  value  of  the  atone  by  causing  it  to 
reflect  more  light  (see  Diamond),  Again,  glass  is  really  a  very  viscous 
Snid  (amorphous  body,  p,  123),  and  has  no  structure  or  form  of  its  own. 
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The  word  "  crystal "  applied  to  cut  glass  would  therefore  be  misleading 
if  takeu  literally. 

Ct'f/ttttil  Strncture.  —  As  the  above  would  lead  ms  to  erpeet,  the  sLndy  of 
crystallized  substmices  hIiows  lb,U  llieir  pH;;uliaritii!s  nre  oiil  coiiliaed  to  tha  out- 
side layer.  Tbe  outline  representa  a  cei*ia,in  structure  which  permeates  the  whole 
mass.  In  crystals  of  the  regular  system,  mauy  of  the  ordinary  physical  properties 
are  the  same  as  those  of  an  amorphous  finb.stalice,  liko  gloss.  For  example,  if  we 
turn  a  sphere  out  of  crystallized  krR  ami  hang  it  in  ptiro  water,  we  lind  that  boIu- 
ttou  takes  place  »t  a  uniform  rate  all  over  tlie  surface.  This  Ls  not  the  case,  however, 
with  substances  from  any  of  the  other  systems.  Spheres  cut  from  substances  be- 
loDging  to  the  second  a[id  Ihirrl  systems  would  dissolve  more,  or  less,  rapidly  in  the 
direction  of  the  chief  axis  than  in  any  other  direction,  and  so  ellipsoids  of  revolu- 
tion would  ciuickly  be  produced.  In  the  other  three  systems,  more  complex  forms 
would  result. 

The  teoacity  of  crystals,  to  whatever  system  they  may  beloug,  is  different  In 
difterent  dlrectlonn.  Thus,  a  oryatal  of  salt  has  a  cleavage  parallel  to  auy  of  tha 
faces  of  lite  cube,  and.  therefore,  splits  ntost  easily  in  one  of  three  directions  at 
right  angles  to  each  other.  Catcite,  whatever  the  outward  form  of  the  crystal, 
al^vays  cleaves  so  as  to  give  a  rhumbohedrun.  Fluorite  (CaF^),  although  almost 
always  cubical  iu  form,  splits  wln;n  broken  so  as  to  give  an  octahedron. 

The  behavior  of  crystals  towarfs  light  is  also  eitremely  Interesting,  The  rate 
at  which  light  mnvea  throuie;h  crystals  of  the  regular  system  ia  the  same  in  all 
clirectiouB.  In  other  crysuds,  hovifever,  wa  find  thikt  it  moves  with  a  different 
speed  in  dilTorenl  directions,  the  variations  in  speed  being  likewise  related  to  the 
outward  form.  Finally,  tf  a  thin  abib  of  rock  s.ilt  ia  covered  with  wax  and  the 
point  of  a  ticateJ  cone  of  metal  ia  placed  in  the  center,  the  wax  melts  nuiforndy 
in  a  circle  around  the  point,  indicating  that  the  heat  is  conducted  with  equal  speed 
in  all  directions.  The  way  in  which  the  sbib  has  been  cut  with  reference  to  the 
surface  of  the  crystal,  in  the  ci^se  of  substaucea  of  the  first  of  the  above  systems, 
has  uo  effect  upon  this  result.  Iu  all  other  cases,  bu^vcver,  the  zone  of  melting 
wax  is  In  general  elliptical,  or  even  more  complex  in  form,  iicconliug  to  the  system 
to  which  the  substance  belongs  and  the  direction  iu  which  the  slab  lias  been  out. 

Molecular  MagnitnAen.  —  Taking  the  properties  of  matter  oii 
the  one  hand  and  the  assumptions  of  the  nKilenuLir  hypothesis  on  the 
other,  we  can  estimate  the  dcRree  of  mutual  proximity  which  must  lie 
assign€>d  to  the  molecules  in  ordor  that  the  hypothe.'iis  ntay  be  consist- 
ent with  the  facts.  By  considering  the  thickness,  or  r;ttlicr  the  thin- 
ness, of  thin  films,  certain  properties  of  giiscs,  and  other  phenomena, 
fairly  coincident,  independent  vahies  have  l>een  obtained,  Accortiing 
to  Lord  Kelvin,  1  e.c.  of  gtis  at  (f  and  "(iO  mm.  contains  not  less  than 
10"  (that  is,  1  followed  by  twenty  ciphci's)  molecules.  A  glol»e  of 
water  as  large  as  a  football,  if  magnified  to  the  size  of  the  earth,  the 
coiiiiKinent  molecules  being  magiiilicd  at  the  same  time,  would  show  a 
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^structure  coarser  than  a  heap  of  small  shot  but  less  coarse  tlian  a 
ip  of  footballs.  The  former  estimate,  in  regaj-d  to  gases,  leada  by 
I (^.IcnlatioD  to  the  conclusion  tliat  one  molecule  of  hyihugen  weighs 
1 0.9  X  10"^  g.,  or  9  over  1  followed  by  twenty-tive  ciphers  of  a  gi'am. 

The  speed  of  a  hydrogen  molecule  lietween  coUisiona  must  be  about 
L 1840  meters  per  second.  Tliat  of  an  oxygen  molecule  must  lie  one- 
'  quarter   of  this,  being,  aceording  to  the  law  of   diJIusion   (j).  108^, 

inversely  as  the  square  roots  of  the  densities. 


m 


JFnrmulatli'e  and  Stochastic  Ilffpotheites.  —  The  nature  and 
use  of  an  hypothesis  likt?  the  one  we  have  been  discussing  will  now  bo 
evident.  It  ia  a  stiui'ture  existing  in  the  imagination.  It  cannot 
exist  anywhei'e  else,  l>eeause  it  includes  novelties  like  jierfectly  elastic 
bodies  in  perf>etnal  motion.  In  making  it,  we  are  well  awai'e  of  the 
inverity  of  some  of  its  elements.  But  then,  as  will  have  been 
observed,  we  do  not  attempt  to  verify  the  hypothesis  itself.  We  did 
not  make  it  in  order  to  have  before  us  the  actuid  structure  of  matter, 
but  in  order  to  have  a  sort  of  mechatiieal  moviug  diagram  which 
sliould  aissiat  us  in  following  the  behavior  of  matter.  It  is  lite  a  scaf- 
folding, constructed  to  enable  us  to  exaniine  or  work  upon  a  difficultly 
accessible  part  of  a  builditig,  which  we  never  for  a  moment  thiidi  of 
as  being  a  part  of  the  building.  It  is  a  sort  of  formula.  The  algebraic 
formula  represents  magnitudes ;  the  geometrical,  directions  and  dimen- 
sions. The  foi'uiula  in  physics,  by  the  use  of  mathematical  conven- 
tions, pictures,  for  example,  some  mode  of  behavior  of  matter.  For 
so  concrete  a  subject,  however,  the  mathematical  mode  of  expression 
intensely  abstract.  And  so  a  representation  in  terms  of  mechanism, 
which  is  still  a  formula,  is  fre(inently  resorted  to.  The  molecular 
hypothesis  is  therefore  a  formula  consisting  of  imaginary  machinery. 
Its  object  is  simply  to  help  us  in  organizing  or  fornudating  knowledge 
on  a  certain  subject.     Hence  we  name  it  a  formulatiTe  bypotheaU, 

A  formula,  in  the  very  general  sense  in  which  we  have  used  the  word  above, 
is  atiytlihig  which  has  certain  properties  of  tlie  nature  of  form  in  common  with 
some  other  thing  or  relation  of  tbing».  For  example,  the  plan  of  a  city  and  a 
blackboard  diagram  are  formidiB.  In  chemistry,  a  "  model  "  of  aozue  carlion 
eomponnd,  made  up  of  balls  of  wotxl  and  wires,  i^  ju.sta.i  much  a  furmula  aa  are 
the  written  symbols  showing  the  constitution  of  the  substance.  It  in  intended  to 
e^cptain  the  behavior  of  the  substance.  From  this  son  of  mechanical  fornittia  it  Ik 
but  a  step  to  one  coiisisiing  of  movin;^  partii'lcs  und  intended  to  ex[)Uim  the  be- 
havior of  gases.  The  fact  that  tliis  raodi'i  cannot  actually  be  constructed,  because 
perfectly  elastic  materials  are  not  avail  itble,  does  not  alter  the  case  one  whit. 
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The  value  of  the  present  tornmlfttive  hypothesis,  and  of  formulative  hypotheses 
in  general,  is  showu  by  the  history  of  science,  Oaliou,  wliu  tirst  worked  om  a 
clear  conception  n£  ttie  itidepeudetit  behavior  of  mixed  gaaes  (p.  88^,  used  this  hypoth- 
egia  constantly  in  that  worlt.  Clear  tiuderstasiding  of  the  aeparate  existence  of 
aqueous  vapor  in  the  air  could  be  reached  by  bim  only  by  thiukiug  of  each  ma- 
terial as  being  made  up  of  iudopenileut  molecules.  Any  other  mode  of  conceiving 
Ibe  mixture  th^t  might  readily  occur  to  one  would  involve  some  adhesion  or  inter- 
ference of  the  two  subaiaiicea.  His  recognition  of  the  independent  solubilitiea  ol 
mixed  gtwes,  in  [irnportion  to  the  partial  pressures  of  each,  would  have  been  de* 
layed  or  prevented  altogether  if,  in  studying  the  reaului  of  his  experiments,  he  had 
not  reached  it  by  way  of  this  hypotbesis. 

Other  forniulative  bytxilheses,  showiisg  the  same  contradiction  at  plain  tacta 
in  their  futidanicntal  :i»£iainptions  that  we  have  noted  in  the  molecular  hypothesis, 
have  tieen  and  are  in  comuioji  use.  The  conception  of  light  as  conaiisting  of  cor> 
puBcles  was  sucli  an  hypothesis  iti  its  day,  Tim  imponderable-matter  (note  the 
contradiction)  view  of  heat  wiw  another.  The  nudulatory  theory  of  Sight,  which 
postulates  n  perfectly  elaJttic  ether,  weightless,  frictiouless,  and  lacking  every 
trace  of  impenetrability,  is  an  hypothesis  showing  the  same  iuverifiable  elements. 
It  is  handled  characteristically  a\m,  for  we  do  not  try  by  its  meftoa  to  leara 
more  about  etiier,  but  more  about  light. 

An  essentially  different  kind  of  hypothesis  ia  constantly  used  at 
every  step  in  investigation,  although  it  is  seldom  mentioned  in  books. 
When  Mitscherlirh  discovered  that  Glauber's  salt  (p.  121)  gave  a  definite 
pressuru  of  water  vapor,  he  at  onoe  formed  the  hypothesis,  that  is, 
supposition,  that  other  hydrates  would  be  found  to  do  likewise.  Ex- 
periments showed  this  supposition  to  be  correet.  The  hypothesis  was 
at  one*)  dispLacted  by  the  fact.  This  sort  of  hypothesis  predicts  the 
probable  existence  of  certain  facta  or  ciuineetioiia  of  faiits,  hence,  reviv- 
ing a  disused  word,  we  call  it  a  atochEUtlo  hypothoBla  •  (Gk.  (rrojfatrriKO^, 
apt  to  divine  the  truth  by  conjecture).  It  differs  from  the  other  kind 
in  that  it  professes  to  be  comptjsed  entirely  of  verifiable  facta  and 
is  subjected  to  verification  aa  quickly  as  possible.  In  the  case  of 
a  formulative  hypothesis  we  have  no  expectation,  or  at  best  a  very  re- 
mote one,  of  verifying  the  hypothesis,  bec-atise  many  of  its  essential 
constituents  are  contrary  to  experience.  At  all  events,  our  efforts  are 
bent,  not  to  verifying  the  hypothesis  itself,  but  to  verifying  the  rela- 
tions between  facts  which  it  sitggeats. 

We  may  define  a  formulative  hjpotliesia  as  follows  :  A  istnicture,  the 
essential  parl.^  of  wliich  are  assumed  faciei  or  connectiotus  of  facts  more  or  less 
inconsistent  with  known  tactw,  used  in  formulating  other  known  facts.  It 
achieves  this  by  virtue  of  certain  logical  and  formal  correspondences  which  exist 

•  The  author  owes  to  Professor  Paul  Shorey,  head  of  the  department  of  Greek 
in  the  University  of  Chicago,  the  suggestion  ol  this  word. 
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etween  its  abstntct  tiualiiies  and  tho«ti  of  the  (acta  It  ia  employed  to  explain. 
tit  verillcation  of  the  assuuied  facts  is  not  in  ijueHtion,  siticu  tlieir  iiiveiity  is 
'  one  of  the  premises,  but  that  of  the  reliitioiia  between  the  ascertained  facta  which 
emerge,  is  the  step  to  which  the  inakiug  of  the  hyjiothesis  was  only  a  prelimiiiarj'- 
Thia  sort  of  hypotUesisi,  therefore,  is  a  son  of  foriuulii,  or  has  tlie  properties  of  a. 
formula. 

A  atoohastic  bypotbesia  is  :  A  suppositimi  o(  the  cxiiiteuce  of  certain  facta, 
or  connections  of  factK.  It  is  reaclitnl  by  detluction  from  other  facts  or  con. 
nections  of  facta  already  ascertained,  and  is  intended  to  be  subjected  to  ullitnaie 
VeriUcatioD. 

Tlie  word  theory  ia  applied  U>  both  kinds  of  hypolhesea.  A  study  of  the 
tuages  of  the  word  and  of  tlie  definitions  given  by  the  best  aulhorilies  does  not 
reveal  the  existeuce  of  any  easenliiil  qualitative  difference  between  a  theory  and 
ui  hypothesis,  so  that  a  sliarp  distinctioii  cannot  be  drawn  between  them.  To 
»Toid  confusion,  we  aliall  use  the  word  ' '  theory"  as  u  rule  only  in  the  sense  in  which 
It  occurs  in  phraaes  like  "  Ute  theory  of  heat,"  or  "  theory  and  practice."  Here 
it  refers  to  an  ag^egate  of  conceptions  and  largely  or  wholly  verified  ^eiieraliz^ 
CJona  and  laws  which  uuustitute  the  abstract  ^as  distinct  froui  the  concrete)  state- 
ment of  the  content  of  some  branch  or  phase  of  knowledge,  so  far  as  this  baa 
undergone  successfid  organization. 

Lest  it  should  be  imagined  that  the  discovei;  of  a  aufHciently  extensive  and 
complete  correspondence  between  a  foriuulativs  hypothesis  and  the  facts  with 
which  it  deals  coufititutes,  ipto  facto,  a  proof  of  the  verity  of  the  hypothesis  Itnelf, 
it  must  be  stated  explicitly  that  such  an  inference  is  entirely  illogical.  Yet  this 
fallacy  is  one  of  the  commonest  into  which  the  student  of  science  fall-s.  This 
inference  wotlid  be  Cfjtiivalent  to  asserting  the  impossibility  of  devising  any  other 
hypothesis  which  should  correspond  equally  well  with  the  facts.  Apart  from  the 
fonual  Ulogic-ality  of  such  an  infarenoe,  experience  has  taught  na  that  sooner  or 
lata-  we  always  encounter  some  featare  in  the  behavior  of  the  subject  of  the 
hypothesis  which  is  different  from  that  whicli  the  liypothesis  would  have  led  us  to 
expect,  Thus  the  corpuscular  hypothesis  to  explain  light,  after  long  and  useftd 
•ervice,  had  finally  to  be  discarded  (see  also  Atomic  hypothesis). 

The  philosophy  of  the  molecular  liypotheais  is  di.scti.<i8ed  by  Stallo,  CoFtc^ti 
and  Theories  of  Modem  Pftj/sics,  Chap,  vii  ;  Pearson,  Grammitr  of  Science,  Cliap. 
vii;  James  Ward,  Naiuraliim  and  Agnoatkiam,  Lectures  iv  and  v,  and  many 
other  writers. 

The  vahio  of  the  kinetic-molpoular  conception  as  a  formulative 
hypothesis  has  lieeti  illustrated  in  coniieotiou  with  critioal  phenomena, 
and  will  appear  ap;ain  when  wb  deal  with  solutions  and  chemical  equi- 
liln-iiim.  But  indeed  its  field  of  application  is  coextensive  with  the 
science  itself. 

The  conceptions  of  the  kinetic  hypothesis  are  of  especially  p-eat  aa.sistance  in 
f«aMiali»ing  chemical  manipulation  and  so  hastening  the  acquisition  of  an  intelli- 
gent control  of  it.  The  constructive  imagination,  on  the  use  of  which  experi- 
mental work  depends  so  much  for  its  success,  must  have  something  to  work  with, 
and  thifl  hypothesis  furnishes  a  tool  such  as  it  requires.     Methods  tftui[ht  by  rule 
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of  thumb  are  slowly  learned  and  constantly  fail  in  application.  We  may  be  told 
a  dozen  times  that  using  reagents  in  finely  powdered,  or  metals  in  granulated  con- 
dition hastens  all  interactions,  and  still  never  think  of  this  abstraction  when 
working.  But  if  it  is  suggested  that,  in  terms  of  the  kinetic  hypothesis,  molecules 
must  meet  freely  in  the  same  medium  to  react  easily,  and  that,  therefore,  the 
larger  the  surface  the  more  copious  will  be  the  supply  of  molecules  dissolving,  we 
are  likely  to  form  a  conception  of  the  reason  for  the  procedure  that  will  be 
lasting. 

When  a  student  is  told  to  concentrate  a  solution  and  set  it  aside  to  mystallize, 
why  does  he  evaporate  the  liquid  rapidly  to  dryness,  and  still  expect  the  residue 
to  appear  in  large,  well-formed  crystals  ?  Because  he  has  no  notion  of  the  necessary 
slowness  of  the  process.  But  if  he  has  the  idea  that  it  is  like  building  a  house, 
one  stone  at  a  time,  and  that  there  are  far  more  units  to  be  laid  down  according  to 
plan  in  making  the  smallest  visible  crystal  than  there  are  bricks  in  building  the 
largest  factory,  his  procedure  may  promptly  become  more  rational. 


CHAPTER  X 


SOLUTION 

We  have  frequently  made  use  of  the  fact  that  certain  substances 
form  with  others  liomogeneoua  systems  which  we  call  solutiniis. 
Sometimes  this  property  is  taken  advantage  of  for  separating  ma- 
terials, as  in  the  case  of  the  removal  of  sulphur  from  admixture  with 
ii-on  and  ferrous  sulphide  (p.  11).  In  other  cases  we  cany  out  the 
int^raetion  of  chemical  substances,  by  first  dissolving  them  in  aome 
liquid  and  then  mixing  the  solutions.  The  litpiid,  commonly  water,  is 
used  as  a  vehicle  for  one  or  more  of  the  substances,  and  takes  no  part 
in  the  chemical  change.  Thus  some  knowledge  of  the  properties  of 
solutions  is  absolutely  necessary  in  order  that  we  may  employ  them 
intelligently.  lu  what  follows,  we  shall  give  a  prelirainaiy  account  of 
of  the  simpler  facts  about  solution. 


General  Properties  of  HolntimtH.  —  A  solid  may  be  distrilmted 
through  a  liquid  either  liy  being  simply  suspended  (p.  ll.'l)  in  the 
latter  (mixture)  or  by  being  dissolved  in  it  (solution).  Similarly  a 
liquid  may  be  suajwnded  in  droplets  in  another,  aa  in  milk  (emulsion), 
or  it  may  be  disaolveil.  It  is  usually  easy  to  distinguish  between  the 
two  cases,  for  a  susj)ended  sulistauce  getth-s  or  sejiarates  sooner  or 
later,  while  a  dissolved  one  shows  no  stteh  tendencij.  The  eases  are 
exceptional  where  the  subdivision  of  a  susjiendcd  substance  is  so 
minute  (colloidal  sohition)  as  to  make  its  retention  by  filter  paper 
impossible.  If  a  liquid  is  opalescent  or  opaque,  then  we  have  a  case 
of  suspension.  A  solution  is  a  clear,  transparent,  jierfectly  homo- 
geneous liquid,  in  which  the  dissolved  substance  seems  to  have  been 
disjiersed  so  completely  that  the  liquid  cannot  be  distinguished  by  the 
eye  from  a  pure  substance. 

There  is  no  limit  to  the  amount  of  dissipation  which  may  thus  be 
produced.  A  single  fragment  of  potassium  permanganate,  for  ex- 
ample, which  gives  a  very  deep  purple  solution  in  water,  may  he  dis- 
solved in  a  liter  or  even  in  twenty  liters  of  water,  and  the  purple 
tinge  which  it  gives  to  the  liquid  will  still  he.  perfectly  perceptible  in 
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every  part  of  the  larger  votume.  The  characteristics,  therefore,  of 
solution  are  absence  of  settling,  homogeneity,  and  extremely  minute 
subdivision  of  the  dissolved  substance. 

27W  Scope  of  the  Word.  —  The  word  is  used  for  other  systems 
than  those  containing  a  solid  body  dissolved  in  a  liquid.  Thus,  liquids 
also  may  l»  dissolved  iti  liquids,  as  alcohol  in  water.  Again,  if  we 
warm  ordinary  wat^r,  bubbles  of  gas  appear  on  the  sides  of  the  vessel 
before  the  water  btis  apuroaohed  the  boiling-point.  They  are  foxind 
to  be  air.  Further  study  of  the  subject  Bhow,>}  that  agitation  of  any 
gas  with  water  results  in  the  sohition  of  a  large  or  small  quantitj'  of  the 
gas,  and  beat  wiU  usually  drive  the  gas  out  again.  It  appears  there- 
fore that  solids,  liquids,  and  gases  can  equally  form  solutions  in  liquids. 

The  absorption  of  hydrogen  by  palladium  (at  all  events  after  a 
certain  point)  and  by  iron  takes  place  in  aecordance  with  the  same 
laws  as  the  solution  of  solids  in  liciuids,  and  the  results  may  be 
descrilied  therefore  as  tiiie  solutions.  Liquids  are  in  some  cases 
alBorbed  by  solids,  and  homogeneous  mixtures  of  solids  with  solids 
are  perfectly  familiar.  The  sapphire  is  a  solution  of  a  small  amount 
of  a  sti'ongly  colored  sulistiauce,  in  a  large  amount  of  colorless  aluminium 
oxide.  It  may  therefore  be  stated  that  solution  of  gases,  liquids,  ajid 
solids  in  solids  appears  to  be  possible. 

LinHtH  of  Holnbil(f)/,  —  The  next  question  which  naturally  occurs 
to  us  is  as  to  whether  tJie  nungling  of  two  substances  in  this  manner 
lias  any  limits.  We  timl  that  the  results  of  exjwriment  in  this 
direction  may  be  divided  int.o  two  classes.  Some  jiairs,  of  IJqiuds 
pai'ticularly,  may  be  mixed  ivi  any  proportions  whatever.  Alcohol  and 
water  is  such  a  pair.  On  the  other  hand,  at  the  ordinary  laboi-atory 
temjierature,  we  can  scarcely  t'lke  a  fragment  of  marble  (CaCO,)  so 
small  tliat  it  will  dissolve  completely  in  100  c.c.  of  pure  water.  Under 
the  same  conditions  any  amount  of  potassium  chlorate  up  to  fi  g.  will 
almost  completely  disappear  after  vigorous  stirring,  while  IH)  g.  of 
ordinary  Epsom  s;dts  (hyd  rated  magnesium  sulphate),  but  not  more, 
may  be  dissolved  in  alwut  the  same  amount  of  water.  In  fact,  most 
Boliils  may  Ite  dissolved  in  a  liquid  only  up  to  a  certain  limit,  which 
with  different  solids  may  range  from  a  scarcely  percejttible  to  a  very 
lai'ge  amount.  No  substance  is  absolutely  insoluble.  Hut  for  the 
sake  of  brevity  we  call  mai'ble,  for  example,  "  insoluble "  bocauae  in 
mc^t  cotmections  it  may  be  so  considered. 


I 


SOLLTI(»N 


Recognition    and    Meaiturement   of    SolubtUty. 

methiKl  of  rccogjiiziiig  with  certainty  whether  a  solid  i 
liquid  or  uot  is  to  tilter  the  iiiisture  aud  ovajv 
orate  a  few  drops  of  tlie  liltrate  on  a  cletiu 
watch-glass.  For  leariiing  how  much  of  the 
body  is  contained  in  a  given  solution,  a  weigheil 
quantity  of  the  solution  is  evaporated  to  dry- 
ness aud  the  weight  of  tlie  residue  deter- 
mined. When  the  dissolved  substance  is 
volatile,  its  preaence  is  often  8ho^^^l  by  some 
chemical  test  (p.  99). 

Ether  and  water  is  a  case  typical  of  the 
behavior  of  two  liquids,  each  somewhat  aolvible 
in  the  other.  After  being  shaken  together, 
they  seem  to  separate  again  completely  into 
two  layers  {Fig,  5<>)  with  the  ether  uppermost. 
If,  however,  the  water  is  withdrawn  from 
beneath  the  ether,  we  tind  that,  when  heated, 
it  gives  off  quantities  of  ether  vaiwr  which  can 
be  set  on  live.  Conversely,  the  addition  of 
anhydrous  cupric  sulpliate  to  a  sample  of  the  ^^-  ^• 

ether  shows  the  presence  of  water  m  the  latter, 

for  the  blue  hj-drated  form  of  the  subst;iijce  is  at  once  produced.     In 
some  common  cases  the  umximum  solubilities  at  ^'I,"^  are  as  follows  : 


SliBiTAMCX. 

G  BA  »«  OF  S  C  BgT Alf 01 
IS   IKI 

Okajjb  of  VVatkr. 

QKAXI  Of  WjITKB 
IK  too 

ORAMH  StrBBTASl'If. 

AJcohol     , 

No  limit 
2.18 
0.84 
1.34 

No  limit 

Elher 

Chloroform 

Carbon  disulphide 

li.n-i 
I).  11) 
o.ia 

It  must  be  stated  explicitly  that  in  going  into  solution,  as  we  have 
used  the  term,  a  compoimd  dissolves  as  a  whole,  and,  if  the  compound 
is  pure  (p.  34),  any  residue  has  the  same  ehemical  composition  as  the 
part  which  has  dissolved. 


I 


Terminoloffy.  —  In  order  to  describe  the  relatione  of  the  compo- 
nents of  a  solution,  certain  conceptions  and  corresponding  technical 
expressions  are  I'equu-ed.     It  is  custonutry  to  speak  of  the  substance 
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wbich,  lUce  water  in  mo8t  cases,  forms  the  bulk  of  the  solution,  as  the 
■olveat.  To  express  the  substaaic«  which  is  dissolved,  the  word  Bolute 
is  frequently  used,  and  will  lie  employed  when  we  wish  to  avoid  cir- 
cuiiilocution.  The  term  "strength"  is  too  indefinite  for  seieutific 
puifjosea.  It  may  iiujily  aetivity,  or  power  of  resistance,  or  pungency 
(in  an  odor),  or,  as  in  the  case  of  solutions,  it  may  be  a  measure  of 
quaaitity.  The  amount  of  the  aubstajice  whieh  has  been  dissolved 
by  a  given  quantity  of  the  solvent  ia  therefore  described  as  the 
oonceatration  of  the  solution.  A  solution  containing  a  small  propor- 
tion of  tlie  dissolved  body  is  called  dilute ;  it  has  a  sniaU  concentration. 
One  which  contains  a  larger  amount  is  more  concentrated.  Very 
"strong''  solutions  are  frequently  spoken  of  simjily  as  concentrated 
BolutionB.  The  partial  removal  of  the  solvent  by  evaporation  is  called 
concentrating,  its  total  removal  evaporating  to  dryness.  Finally,  since 
there  is  a  limit  to  the ' solid )ility  of  most  substances,  a  solution  is 
described  as  saturated  when  the  solute  luis  given  sis  niueh  material  to 
the  solvent  as  it  can.  Tliis  state  is  reached  after  prolonged  agitation 
with  an  wpcmji  of  the  gas,  the  liquid,  or  the  finelt/  potvderrd  solid,  as  the 
case  may  be,  The  larger  the  excess,  the  sooner  saturation  ia  attained. 
The  maximum  concentration  attainable  m  this  way  is  called  the 
■olubility  of  the  sulwtanee  in  a  given  solvent. 

The  distinction  between  solute  and  solvent  is  miide  merely  for  conveoienoe. 
Theoretically  there  in  no  distinction  between  the  cooiponents  of  a  solution. 

The  concentrations  of  solutions,  saturated  and  otherwise,  are  some- 
times expressed  in  physical,  and  sometimes  in  chemical,  units  of 
weight.  When  physical  units  are  employed,  as  in  the  above  table,  we 
give  the  number  of  gi-ams  of  the  solute  held  in  solution  by  one  hundred 
of  the  solvent,  or,  occasionally,  the  nmuber  of  grains  in  one  hundred 
of  the  solution. 

When  chemical  units  of  weight  are  employed,  two  different  plans  are 
jMissible,  and  l.xith  are  in  use.  Either  the  equivalent  (p.  49)  or  the  atomic 
weights  may  be  taken  as  a  basis  of  measmiemeut.  In  the  former  caae, 
the  solutions  are  called  normal  aolutlons,  and  in  the  latter,  for  a  reason 
which  will  apjiear  later  (Chap,  xii),  molar  solutions. 

A  normal  solution  contains  one  gram-equivalent  of  the  solute  in  one 
liter  of  solution,  Tiie  word  "equivalent"  lias  been  used  hitherto  only  of 
elements,  and  this  application  of  the  expression  involves  an  extension 
of  itH  meaning.  An  equivalent  weight  of  a  compound  is  that  amount 
of  tt  which  will  interact  with  one  equivalent  of  an  element.     Thus,  a 


A 


SOLUTION 


formularweight  of  hydrocliloric  acid  IK'I  (3(j.5  g.)  is  alao  an  equivalent 
weight,  for  it  contains  1  g.  of  hydrogen,  and  this  amount  of  hydrogen  is 
displaceable  by  one  equivalent  weight  of  a  metal.  A  fornmla-weiglit 
of  sulphuric  aeid  H^SOj  (98  g.),  however,  contains  two  equivalents  of 
the  compound,  and  a  formula-weight  of  aluminium  chloride  Aid, 
(133,5  g.)  three  equivalents.  Hence  normal  solutions  of  those  throe 
substances  contain  respectively  3(5.5  g.  (HCl),  49  g,  (HjSOj,  and  44.5 
g.  (AICl,)  per  liter  of  solution.  The  special  property  of  nortiial  solu- 
tions is,  obviously,  that  equal  voluriieB  of  two  of  them  contain  the  exact 
proportions  of  the  solutes  which  are  n^quired  for  complete  iuteraction. 
Solutions  of  this  kind  are  juuch  used  in  quantitative  analysis. 

Solutions  of  different  concentrations  all  prepared  on  the  above 
basis  are  named  as  follows,  and  are  often  indicated  by  the  abbreviations 
appended : 


QUAXTJTV  or  SOLCTK 
PXB  LlTKU. 


One  huniiredtli  of  one  gram- 
equivalent     ..... 

One  tenth  ul  one  gram-equir 
alent 

One  half  of  one  gram-equivft- 1 
lent j 

One  gram-equiv&leDt      .     .     . 

Two  and  a  tiaJf  gi'ain-equivatents 


Nami. 


Cenli-norinal 

Decl-nonoal 

Semi-normal 

Normal 

Two  and  a  biUf  normal 


ASBBEVtATIOK. 


or     .1  .V 


or    .5  N 


10 

N 
2 

.V 

2 J  .V  or  2.5  iV 


A  moloT  solution  contains  one  mola  (gram-moleoular  weight)  of  the 

solute  in  one  liter  of  aolution.  Wimn  molecular  (onmilaj  (aye  Chap,  xn)  are 
used,  this  meatw  one  gratu-fonnula  weight  per  liter.  In  tlie  cases  cjteJ  above,  the 
uiolar  solution  contains  PSJ>  g,  (HCl),  1)8  g.  (H,SO,),  and  133.6  g.  (AICl,)  per  llWr. 
As  will  be  seen,  the  Coucentratinn  of  molar  and  normal  dilutions  are  necessarily 
identical  when  tlie  mdicnl.H  are  univalent.  Other  cnnpeiiiraliotis  are  described  as 
deci-inolar(Jlf/10  or  .131),  two  and  a  half  molai'  (2.6A(),  and  so  forth,  on  the  same 
plan  33  before. 

There  is  also  a  chemiciil  unit  of  volume  (see  Chap,  xii)  which  is  the  volume 
occupied  by  a  mole  (gram-molecular  weight)  of  a  gas  (or  dissolved  wibslance)  at 
Of  add  780  mm,  pTeasure(j;aBeouHnr  ipsiuotic).  This  volume  averaj^es  22.4iit«ra,  and 
ie  called  the  gram-molecular  or  molar  volume  (G.  M.V.),  The  unit  of  coneentra- 
tion  for  many  theoretical  pui'posea  is,  therefore,  that  of  one  mole  in  22.4  liteia. 


4 


Sotntian  One (tf  the  PhyHieal  Sfnfes  of  Agffregatfon  of  Matter, 

\Mien  a  solid  VkhIj  dissolves  in  a  liquid,  the  properties  of  the  liody 

undergo  a  veiy   marked  change,  which  to  all  appearance  might  be 


liiO  INOnGAXtC   CHEMISTRY 


ctemical.  Yet,  besides  the  ease  with  whirh  a  liquid  may  be  remoTed 
by  evaporation  and  the  solid  recovered  unchanged,  we  note  particularly 
that  the  eoucentratioii  of  a  saturated  solution  cannot  ha  expressed  in 
terms  of  integral  niultijiles  of  the  chemical  combining  weights.  If, 
therefore,  the  process  were  to  lie  regarded  as  chemical,  several  impor- 
tant generalizations  would  have  to  be  revised  or  discarded  (cf.  p.  48). 
We  shall  see  also,  in  a  later  paragraph,  that  the  quantity  of  a  solid 
which  a  liquid  may  take  up  varies  with  the  slightest  change  in  tem- 
perature. Now  we  do  not  tiiid  the  composition  of  chemical  comjwuuda 
80  to  vary.  The  solution  of  a  solid  may  therefore  l>e  likened  to  a 
change  in  state,  such  as  the  conversion  of  a  liquid  into  a  gas  or  a  solid. 
As  there  is  danger  of  confusion  arising,  we  may  repeat  that  a  com- 
pound la  homogeneous  and  its  composition  is  exjntssBiblc  in  chemical 
units  of  weigljt;  a  satunited  solution  is  homogetieons  but  its  concentra- 
tion varies  with  temperature  so  that  chemical  units  cannot  \>e  used  to 
descrilw  its  composition  ;  a  inLxture,  as  of  two  soUds  or  two  liquids,  ia 
neither  homogeneous  tior  in  any  way  definite  in  composition. 

KineMe-Molcf^nftir  Jlf/pttthenlH  Applied  to  the  State  of  Solu- 
tion. —  Accepting  solution  as  a  physical  sUite,  we  may  now  apply  the 
same  fornnilative  h^'tqiothesis  to  the  explanation  of  the  behavior  of  a, 
substance  in  solution  as  to  matter  in  the  gaseous  or  liquid  states.  We 
saw  that  a  solid  ImxIv,  which  is  ordinarily  condensed  in  a  small  space, 
can  be  disseniinated  by  the  use  of  a  solvent  through  a  very  large  one. 
The  molecules  of  the  solid  Ijeconie  scattered  like  those  of  a  gas  or  va[»or 
through  a  much  gi*eatvr  volume.  ^Ve  may  regard  the  dissolved  sub- 
stance as  l>eing,  practically,  in  a  gaseous  or  yi(a.«('-gaseou9  condition. 
Tlio  molecules  are  torn  apart  from  one  another,  their  cohesion  is  over- 
come, and  their  freedom  of  motion  is  in  a  moiiaure  restored.  It  is  true 
that  they  could  not  coidinue  to  occupy  tliis  large  volume  for  a  moment 
in  the  absence  of  the  solvent.  But  we  may  bring  this  into  relation 
with  the  case  of  a  vapor  by  saying  that  a  solid  Ixnly,  like  common  salt, 
can  only  evaporate  ajipreciably  at  the  ordinary  temperature,  and 
occupy  a  large  space,  when  that  space  ia  alrejuly  tilled  with  a  suitable 
liquid.  The  latter  acts  as  a  vehicle  for  the  particles  of  the  solid.  A 
volatile  liquid,  on  the  cimtriir\',  can  dissolve  in  an  empty  space  and  fill 
it  with  its  ])aiticle.s  without  aiiy  vehicle  being  required. 

This  couccqition  of  the  y»((i,s /-gaseous  condition  of  a  dissolved  sub- 
stance would  l)e  simply  fantastic  if  it  did  not  lead  us  to  a  better  under- 
standing of  the  beliavior  of  solutions.     Now  there  are  certain  proper^ 
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ties  of  gas&s  already  dispuasod  whinh  we  should  naturally  proceed  to 
look  for  in  the  case  of  dissolved  bodies  if  this  theory  were,  eorrect. 
These  are  the  properties  described  under  the  law  of  diffusion,  Boyle's 
law,  and  Charles'  law. 

It  is  ea-sy  to  show  that,  if  we  plsujo  a  quantity  of  the  pure  solvent 
(Fig.  57)  aliove  a  concentrated  solution  of  a  suhstaut'e,  and  then  set 
the  arrangement  aside,  the 
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dissolved  body  slowly  makes         .,^6^^^»grfy 
its  way  through  the    licjuid  if'r 

(Fig,  68),  obliteratiufj  the 
original  place  of  separatiou. 
Eventually  the  dissolved 
body  scatters  itself  uniform- 
ly throTigh  the  whole.  In 
other  words,  the  particles  of 
the  dissolveil  substance  ex- 
hibit the  property  of  diffu- 
BJon  in  the  same  way  as  do 
those  of  gases. 

When  the  diffusion  of  a 
^as  \&  resisted  by  a  suitable 
partition,  we  find  pressure  is 
exercised  upon  the  walla  of  Fm.  5T. 

the    vessel    and    upon    the 

partition.  It  ia  possible  to  show  that  the  particles  of  a  dissolved  suh- 
glance  exercise  a  pressure  of  a  very  similar  kind.  This  pressmts  is 
sjioken  of  as  oamotic  pressure  i'j.e.).  In  order  to  get  evidence  of  this 
pressure,  we  must  place  a  partition  Ijetween  the  solution  and  the  pure 
solvent  (Fig.  57),  and  we  must  choose  the  material  of  this  partition  so 
that  ita  substance  gives  free  juissage  to  the  solvent  while  it  resists  the 
exit  of  the  dissolved  materiaL  The  particles  of  the  latter,  then,  by 
their  impacts  upon  it,  produce  the  effect  of  pressure  exactly  as  in  the 
case  of  gases.  This  pressure  is  found  to  be  proportJuual  to  the  con- 
centration of  the  solution.  In  other  words,  it  depends  upon  the  degree 
of  crowding  of  the  molecules  of  the  dissolved  subsfaince.  It  eorre- 
s]ionrl3  therefore  exactly  to  the  pressure  of  gases  in  this  respect,  and 
Boyle's  law  (p.  81)  expresses  the  relation  equally  for  both. 

It  nuty  be  added,  .also,  tlmt  osmotic  pressure  increases  when  a 
solution  is  warmed,  and  it  gains  ^  S ,  of  the  value  it  h;ul  at  0°  for  every 
degree   through   which    the    tcni[)eratui-e  ia  raised.     In  other  words, 
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Charles'  law  (p.  87)  describes  the  change  in  osmotic  pressure  with 
change  in  temperature  just  as  correctly  as  it  does  the  change  in  gaseous 
pressure. 


Kinetic- Molecular  Hifpotheniii  A/t]iliefl  to  the  Process  of 
Solutioti.  —  We  may  now  apply  the  same  h}'pothesis  to  the  process  of 
dissolving,  with  a  view  more  especially  to  explaining  why  the  process 
of  dissolving  ceases,  in  spite  of  the  presence  of  exce'fes  of  the  solute, 
when  a  certain  concentration  has  been  rieached.  If  some  of  the  mate 
rial  dissolves,  why  not  more  i' 

Let  us  suppose  that  it  is  the  dissolving  of  common  salt  in  water 
(Fig.  69)  which  we  wish  to  explain  in  detail.     We  beUeve  that  in  the 
^^  solid  substance    the    molecules   are    somewhat 

^^1  r~~v^  closely  i)a<cked  together,    while  in  the  solution 

^H  they  are  i*ather  sparsely  distriltuted.     If  there 

^^1  were  no   water  over  the  salt,  practically  uone 

^^1  of  the  particles  of  the  latter  would  be  able  to 

^^m  asa^E^  leave  the  solid  and  enter  the  space  above.     Thus, 

^^1  the  process   of   solution   must   consist  in   the 

^^M  loosening  of  the  molecules  on  the  surface  a:jd 

^^H  their  jjassage  into  the  liquid.     By  diffusion,  the 

^^m  .-:jj'^j^  free  molecules  will  gradually  move  away  from 

^^m  ^SMOS  ^^^  neighborhood  of  the  surface  of  the  soUd  and 

^H  ^B^9r  make  room  for  others,  and  thus,  if  the  system 

^V  1  I  remains  undisturbed,  the  liquid  will  eventually 

r  ■     become  a  solution  of  uniform  concentration.     If 

^H  ^— —    — — -.-^  a  large  enough  amount  of  the  solid  has  been 

^^J^^  — ""^^  provided,  the  ultimate  condition  will  be  that  of 

^^^^^        Fra.  ta.  j^  saturated   solution   with   excess  of  the  solid 

^^^^  beneath.     If  we  hatl  proper  means  of  measuring 

it,  the  tendency  of  the  molecules  to  leave  the  solid  in  the  presence 
of  a  given  liquid  woiilil  give  the  effect  of  a  kind  of  pressure.  This  is 
spoken  of  as  BOlutlou  prosBiire. 

Now  the  molecules,  after  having  entered  the  liquid,  move  in 
every  direction,  and  consequently  some  of  them  will  return  to  the 
solid  and  attach  themselves  to  it.  The  frequency  with  which  this 
will  occur  will  be  greater  as  the  crowding  of  particles  in  the  liquid 
increases,  so  tliat  a  stage  will  eventually  be  reached  at  which  the 
uumlier  of  molecules  lea\'ing  the  soti«i  will  be  no  greater  than  that 
landing  upon  it  in  a  given  time.     If  the  whole  of  the  liquid  has  mean- 
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■while  become  equally  cliarged  with  diasolved  mnlecTilcs,  there  will  he  no 
chance  that  the  field  of  liquid  immediately  i-ouihI  the  solid  will  lose 
them  by  diffusion,  so  that  a  condition  of  lialance  or  equilibrium  will 
have  been  establifihed  ;  I^TaCl  (solid)  ^NaCl  (diss'd).  The  motion  of 
the  jjarticles  in  the  liquid  jirtxluces  what  wo  have  called  osmotic  press- 
ure ;  and  when  the  osmotic  pressure,  by  the  continual  iuf  rease  in  the 
number  of  dissolved  molef;ules,  Ijecomes  equal  to  the  solution  press- 
ure, increase  in  concHutration  of  the  solution  ceases.  It  is  at  this 
point  that  we  speak  of  the  solution  as  lieing  saturated  with  resiieet  to 
the  particular  substance  dissolving.  The  analogy  to  vapor  tension 
and  vapor  presaure  (p.  135)  is  evident, 

Tlie  necEHalty  of  distinguishing  belAvccn  tlie  Mictions  uwed  in  lliinking  about  and 
ttesoribing  tbe<  phenompna  of  solution  and  liie  facts  themGcivt^H  iiitist  lio  eniphii- 
Biied  here  as  it  wa.t  In  th«  prfCWliBg  chapler.  The  arrangement  ami  expression  of 
tha  facts  about  BcihitiooE  in  terms  of  the  kinetic-molecular  byputbesis  ia  known  aa 
the  theory  of  *olution*. 


pre! 
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Independent  Soltthillty,  —  Just  as  two  gases,  when  mixed,  are 
independent  of  one  another  (p.  88),  and  have  severally  the  same 
pressure,  solubility,  and  so  forth,  aa  they  would  possess  if  each  iilone 
icapied  the  same  space,  so  is  it  with  dissolved  substancejs.  In  geu- 
ral,  a  volume  of  water,  in  which  a  moderate  amount  of  some  substance 
been  dissolved,  will  take  up  as  uiuch  of  a  second  sulBtanc*  aa 
ould  an  eqiuil  volume  of  pure  water.  Thus,  water  containing  some 
sugar  will  dissolve  as  much  aoilium  chloride  as  the  same  amount  of 
pure  water.  In  the  point  of  view  of  the  kinetic-molecular  hypothesis, 
the  dissolved  molecules  of  sugar  h.ave  no  connection  ■\\ith,  or  influence 
upon,  the  mechanism  which  dctiirmincs  the  solubility  of  the  salt, 
namely,  the  exchange  of  salt  molecules  between  the  suspended,  dis- 
solving crystals  and  the  solution. 

Jfaturally  this  principle  of  independent  solubility  does  not  hold 
th  any  degree  of  exactness  when  the  concentration  of  the  subatanoo 
already  present  is  great.  It  fails  also  when  the  two  solutes  interact 
chemiwilly,  aa  will  usually  be  the  case,  for  example,  when  each  is  an 
acid,  liase,  or  salt  (see  Chap.  xvi).  The  solubility  is  alTectert  in  an 
especial  degree  when  the  two  substances  have  one  radical  in  common, 
as  when  they  are  nitric  acid  and  a  nitrate,  or  two  chlorides  (see  Ionic 
equilibrium). 

SoluUtut  »ftt  Gan  in  n  Lit/uid.  —  The  same  conceptions  may  be 
used  to  explain  any  case  of  Holutlou,     Let  us  take  that  of  oxygen  con- 
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ducted  into  a  bottle  which  is  jiartially  filled  with  water  (Fig.  60),  no 
other  gas  lieiug  present  in  the  spaxie  altove  the  liquid.  As  the  mole- 
i-uleM  of  thB  gas  imitiuge  upon  the  liquid,  some  of  them  pass  into  it 
and  dissolve.     The  paxticles  which  liave  thus  gaiued  aeeess  to  the 

liquid  move  about  in  eveiy  direc- 
tion, and,  as  they  become  more 
and  more  numerous,  a  larger  and 
lar^r  muuber  will  escape  from 
the  surface  and  pass  back  into  the 
gaseous  eondition.  At  first,  this 
reaction  will  \vi  sliglit,  but  event- 
ually, as  the  solutiou  increiises  in 
concentration,  it  must  beeome 
equal  in  rate  to  the  procesa  of 
solution  itself.  It  is  assumed 
that  the  supply  of  gas  is  uiain- 
taincd  at  a  uniform  pressure,  and 
therefore  uniform  luoleeular  con- 
centration, during  the  whole  pro- 
cess. Once  more  we  shall  have 
a  state  of  balance  or  equilibrium, 
and  the  liquid  will  be  saturatedf 
this  time  with  a  gas  :  0  (gas)  ^  0 
(dis.s'd).  It  is  found,  .as  the  hypothesis  woidd  lead  us  to  expect,  that 
the  concentration  of  the  saturate d  solutioa  of  a  gas  is  proportdonal  to 
the  pressure  at  which  the  gas  is  supplied.  This  is  usually  kuown  as 
Henry's  law. 

Henry's  law  is  anLiclpatdd  from  the  theory  when  we  oonsider  thsu  tbe  pressure 
of  the  gas  is  proportioii.il  to  the  degree  ot  crowding  of  Its  inoletules.  On  the 
oUier  band,  the  t-oticeiitruliun  tbai  can  bi>  inaiulained  in  die  saturated  solution  is 
proportioDal  to  th«  frequency  of  tbe  impacts  uf  tliu  taolecuieH  of  Ibe  gae  upon  ilie 
surface  of  the  liquid,  and  this  in  lure  will  be  pniportioniil  to  the  degree  to  wbicb 
they  arp  crowderl  in  tbe  space  above  the  liquid.  Hence  the  concentration  of  the 
saturated  aulutiou  is  proportional  to  the  gaseous  pressure. 

The  solubility  of  different  gases  varies  much.  One  volume  of 
water  will  dissolve  1060  volumes  of  atiimonia  at  0°  and  760  mm., 
while  it  will  dissolve  onlj-  abcmt  0.02  volumes  of  hydrogen  under  the 
same  conditions.  In  one  vohime  of  aleohol,  at  0'' and  TUO  mm.,  IT. 9 
volumes  of  hydi-ogen  sulphide  or  0.07  volumes  of  hydrogen  may  be 
dissolved.     The  law  descrilx^s  this  l>ehavior  of  tfie  iKxlies  with  exact- 
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^^_,  only  when  low  gaseowg  pressMrea  and  gases  whose  sohibility  is 
BUntl  are  in  question.  Great  solultility  must  tie  due  in  part,  probably, 
to  chemical  union  between  the  material  of  the  gas  and  the  solvent,  or 
to  cohesive  influences  which  the  molecules  of  the  dissolved  gas  exert 
upon  each  other.  The  hypothesis,  on  the  other  hand,  considers  only 
an  ideal  behavior  involving  complete  chemical  and  physical  independ- 
ence of  the  moleuules. 

When  more  than  one  gas  is  in  contact  with  the  solvent,  the  hy- 
pothesis enables  ua  aunc^ssfully  to  foretell  what  will  happen.  The 
quantity  of  each  gas  whieh  can  remain  dissolved  must  depend  simply 
ujion  the  frequency  with  which  its  own  nioletmles  sti'ike  the  lirpiid, 
.And  must  be  indeijendeot  of  the  presence  of  the  other  gas.  Hence  the 
'BolubiUty  of  ea<*h  gas  is  the  same  as  if  it  were  present  alone  at  its 
own  partial  pressure  (p.  88).  Dalton  used  these  very  cons ide rations 
in  drawing  this  conclusion  from  his  experimental  data. 

Air  dissolving  in  wat-er  is  an  illustration  of  this  principle.  It  does 
not  dissolve  as  a  whole,  but  the  oxygen  and  nitrogen  dissolve  each  in 
proportion  to  its  intrinsic  solubility  and  partial  pressure. 

It  is  easy,  by  Ihe  use  of  this  law,  lo  form  an  approximate  eetlmatu  of  Ibe  pro- 
purlion  of  oxygen  to  nilrogeu  iu  tbe  dissolved  gases.  Tlie  air  may  be  lalcen  1,11  bo 
at.  "flO  mm.,  and  its  composition  by  volume  roughly  1/5  oiygeo  and  i/b  nitrogen. 
Tbe  sepiirale  solubilities  of  the  ga.«.t  at  7fiO  mm.  are,  respectively,  4  and  2 
volumes  in  tOO  volumes  of  water.  Their  partial  pressures  being  1/,^  and  4/5  of  ati 
fttiDOSpbere,  llie  amounts  actually  dissolved  will  be  A  >:  l/'5  —  0.8  and  2  x4/6  — 
1.6  in  100  volumes  of  vrater.  Tlie  ra.t!o  of  free  oxygen  to  nitrogen  in  the  water 
will  therefore  be  I  :  2, 

Two  TtHmiscible  Soleentu  :  Law  of  Partition.  —  An  interesting 
application  of  the  same  ideas  may  be  made  to  a  case  which  occura 
very  commonly  in  chemical  work.  If  we  shake  up  a  small  particle  of 
iodine  with  water,  we  find  that  it  dissolves  slowly,  giving  eventually  a 
saturated  but  very  dilute  solution.  If  now  ether  in  sufficient  quantity 
be  sliaken  with  the  atiueous  solution,  the  greater  part  of  the  iodine  will 
find  its  way  into  the  ether,  and  be  contained  in  the  brown  layer  which 
rises  to  the  top.  The  process  of  removing  a  substance  partially  from 
solution  in  one  solvent  and  securing  it  in  another  is  called  extraction. 
We  find  in  such  cases  that  neither  solvent  can  entirely  deprive  the 
other  of  the  whole  of  the  dissolved  substance,  if  the  latter  is  soluble 
in  both  independently ;  I  (in  Aq.)  ;zt  I  (in  ether).  The  partition  of 
the  substance  takes  place  in  proportion  to  its  solubility  in  each  sol- 
vent.    It  is  found  that  any  amount  of  the  solute,  up  to  the  maxi- 
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mum  the  system  can  contain,  provided  tliis  doea  not  involve  too  higlil 
a  concentration  in  either  solvent,  is  divided  so  thut  the  ratio  of  thej 
concentrations  in  the  two  solvents  is  always  the  same.  In  the  case  o£ 
iodine  divided  tetween  water  and  ether,  this  ratio  is  alx>ut  1 :  200. 

TliB  aqueous  Bolatioii  of  potassium  iodide  lias  a  very  great  power  of  diasolviDg 
iodine,  and  we  find  cbat  in  tlie  presence  of  Ihifl  salt  the  ether  lenvea  a  miicli  larger 
share  f)f  the  elemeut  in  tlie  lower  layer.  A  part  of  tlie  iodine  combines  to  form 
Klj,  however,  so  that  this  ii  not  a  cafie  of  simple  solution,  and  tlie  law  of  partition 
does  not  hold.  The  chemical  equilibrium  (see  Chap,  xv)  between  free  and  com- 
bined iodine  in  the  aqueous  layer  has  to  be  coiii^idered. 

Influence  of  Temperuture  on  Solubility.  —  The  quantity  of  a. 
suhstanee  which  we  can  dissolve  in  a  fixe<l  ainoiuit  of  a  given  solvent 
depends  very-  largely  upon  the  temperature  of  both.  Usually  the  solu- 
bility inereasea  with  rise  in  temperature.  Measurements  may  be  mjule 
by  the  method  descriljed  before  fp.  147),  using  excess  of  the  finely  pow- 
dered solute  with  different  portions  of  the  same  solvent  in  vessels  kept 
at  different  temperatures.  The  most  useful  way  of  representing  the  re- 
sults is  to  plot  them  graphically.  The  diagram  (Fig.  61)  shows  the 
curves  for  a  few  familiar  .sulistances.  The  ordinates  represent  the  num- 
ber of  grams  of  the  anhydrous  eompound  which  is  held  in  solution  by 
100  g.  of  water  in  each  case.  The  abscissaj  represent  the  tempera- 
tures. The  concentration  for  any  temjierature  can  be  read  off  at  once. 
Thusi  100  g.  of  water  holds  13  g.  of  potiissium  nitrate  in  solution  at  0° 
and  200  g.  at  87^.  Tlie  increase  in  solubility  is  here  enormous.  On 
the  other  hand,  the  same  quantity  of  water  will  hold  itS.tJ  g.  of  sodium 
chloride  in  solution  at  0°  and  40  g.  at  100°.  The  ditTerence  is  shown 
at  once  when  we  exaiuine  the  curves  and  observe  tliat  the  line  repre- 
senting the  solubility  of  sodium  chloride  scarcely  rises  at  all  between 
0^  and  100°,  while  that  of  potiissium  nitrate  is  extremely  steep. 

Cases  in  which  the  solubility  deerotisea  with  rise  in  temperature  are 
less  common.  When  cold  water  is  saturated  with  calcium  citrate,  and 
the  solution  is  then  warmed,  a  large  part  of  the  sjilt  is  i^uickly  pre- 
cipitated, 

When  triethylomine,  an  or^nic  baae,  N(C,Hj'),,  liquid  at  ordinary  tempera- 
tures, is  added  to  cold  water  until  no  more  will  diesolve,  the  solution,  which  is 
perfectly  clear  and  transparent,  on  being  warmed  with  the  hand  at  once  becomes 
clouded  from  the  separation  ot  the  two  liquids.  A  comparatively  Blight  elevation 
in  temperature  causes  a  separation  into  two  distinct  layers. 


FhaaeB.  —  We  can  frequently  abbreviate  our  statements  by  using 
two  words  of  broad  significance,  one  of  which  has  already  been  emr 
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ployed.  A  spt  of  materials  in  or  tsmlinR  towards  a  eoudition  of  equi- 
librium is  called  a  ayBtem,  The  discrete  parts  of  an  inhomogeneous 
system  are  called  its  phases.  Thus,  a  hquid  with  its  vapor  forms  a 
system  with  a  liquid  phase  and  a  vapor  phase.  A  saturated  solution 
is  a  system  witli  three  phases,  the  undissolved  excess  of  the  solute 
(solid  phase),  the  solution,  and  the  vapor. 

Equltibrlutn  in  a  Satitrntetl  Sotntion,  —  Once  a  solution  has  be- 
come saturated,  the  dissolving  substauce  remains  thereafter  unchanged 
in  amount  no  matter  how  loug  the  materials  are  left  in  contact.  In 
technical  terms,  the  quantity  of  each  phriae  htis  no  iuHueiice  on  the 

concentration  of  any 
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of  them.  A  grejiter 
excess  of  the  solute 
forces  no  more  mat- 
ter into  solution  than 
does  a  small  excess. 
It  should  he 
clearly  undc  ratood 
that  the  kinetic  hy- 
]KJ thesis  requires  us 
to  assume  that  an 
exchange  of  mole- 
cules {p.  135)  is  still 
going  on  tetween  the 
solid  and  the  solu- 
tion. That  this  con- 
ception ia  correct 
may  t)e  sho-wn  in  various  ways.  Thug,  if  a  crystal,  the  edges  or  cor- 
ners of  which  have  teen  broken,  ia  suspended  Ln  a  saturated  solution 
of  the  same  substance,  it  neither  increases  nor  diminishes  in  weight 
Yet  we  find  that  the  imperfections  are  removed,  and  that  this  takes 
place  by  t!ie  solution  of  a  portion  of  the  sul)stance  from  the  perfect 
surfaces  and  its  deposition  upon  the  imperfect  ones. 

Another  very  striking  proof  of  this  may  be  obtained  by  saturating 
water  with  ordinary  (ilaul>fi-'s  salt  (liydrat^d  sodium  sulphate,  NajSO^, 
lOHjO)  at  a  temperature  somewhat  above  the  ordinary,  say  30°.  The 
excess  of  the  solid  is  carefully  and  completely  separated  from  the 
liquid,  and  the  latter  is  allowed  to  cool  in  a  flfisk  loosely  stoppered  with 
cotton.     The  solution  now  contains  (Fig.  62)  a  much  larger  amount  of 
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sodium  sulphate  (Na,80,)  than  at  its  present  temperatxive  it  could 
acquire  from  cotitaot  with  Glau tier's  salt.  Yet  in  the  absence  of  a. 
crystal,  with  wliinli  the  al>ove  ilesfribed  exchange  could  take  place,  no 
deposition  of  the  dissolved  s\ibstauce  begins.  The  solution  may  be 
kept  indefinitely  without  alteration.  The  introduction,  however,  of  the 
tninutest  fragment  of  the  decahydrate  at  once  atart-s  the  exchange,  and 
this  is  necessarily  very  iniifh  to  the  disadvantage  of  Ihe  solution  and 
the  advantage  of  the  crystal:  Na^SO^  (diss'd)  p±  N"a,SO„  lOILjO  (solid). 
The  hitter  therefore  forms  the  center  of  a  radiating  mass  of  blade- 
like processes,  which  sprout  with  iistonishing  rapidity  tlirough  the 
liquid. 

Usually  the  cooling  of  a  coneentrated  solution  leads  to  the  almost 
immediate  a])pearauce  of  crystals  sponfcineoiisly,  and  the  substance  is 
de|X)sited  gradually  as  the  temperature  falls.  But  solutions  of  a  nun* 
ber  of  common  substances,  such  as  sodiiuu  tluosulphate  (photogra- 
pher's "  hypo  ")  and  sodium  chlorate,  liebave  like  tliat  of  sodium  sulphate. 
They  are  said  to  have  a  tendency  to  give  Bupersaturated  aolutlonB. 
In  general,  crystallization  can  be  started  only  by  introduction  of  a 
specimen  of  the  same  siibstance,  or  at  all  eventa  of  one  iBomorphous 
(>/.»'.)  with  it.  The  smallest  particle  of  the  right  material  floating  in 
the  air,  if  it  gains  accidental  admission,  will  bring  about  the  result. 
This  shows  the  importance  of  the  interchange  of  molecules  of  which 
we  have  spoken  for  establishing  equilibrium. 


Met(txt»bl4^  €i>nditimt.  —  The  above  phenomenon  is  not  an  iao- 
lated  or  exceptional  one  in  jihysical  science.  It  is  commonly  the 
case  that,  when  the  conditions  for  some  physical  change  have  been 
reached,  the  beginning  of  the  physical  change  is  delayed  or  entirely 
fails.  The  system  is  then  said  to  be  in  a  metastable  condition.  Un- 
stable it  is  not.  Yet  it  is  not  in  the  state  of  greatest  stability,  for  the 
element  of  equilibrium  is  lacking.  Thus,  pure  water  may  easily  be 
cooled  three  or  four  degrees  below  0°  without  the  appearance  of  any 
ice.  Agitation,  however,  in  this  case,  results  in  the  apjiearance  of  ice 
sooner  or  later.  In  like  manner  water  may  be  heated  to  a  temperature 
above  100°  without  boiling.  Drops  of  water,  susjjended  in  some  oil  of 
almost  the  same  specific  gravity,  may  even  be  raised  to  175°  before  the 
water  turns  into  steam.  Similarly,  aii-  which  is  saturated  with  moistui'e, 
if  it  contains  no  dust,  may  be  cooled  without  the  appearance  of  fog. 

Phenomena  of  HuperKitunitioa,  of  a  temporiiry  kind  at  leaat,  are  extremely 
common  in chetuiiiiry.    Almost  every  delayed  precipitaiionU  a  case  of  ii.     B»rtuia 
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sulphate,  for  exatuple,  is  always  alow  in  appearmg  m  dilute  solutions.  So  U  sulphur"' 
set  truB  from  dilute  scidluui  ihiuKutplinte  aoluttou  by  the  action  of  an  acid.  In  the 
latter  csLse,  inMtuiit  reueutralizatlon  with  a  baae  does  not  prevent  the  ultimata 
appuaratict:  of  the  sulphur,  ghuwiiig  ihal  the  caiue  does  uot  lie  iu  sluw  interactioa 
oC  the  salt  with  the  acid. 

Saturation,  —  When  we  have  shaken  a  solid  for  a  suiRcient  length 
of  time  with  a  given  mumint  of  a  liquiil,  we  obtain  a  solution  whiith  is 
saturated  with  respect  to  that  aubatance.  Having  called  this  a  satu- 
rated solution,  we  are  inclined  to  extract  from  the  term  a  meaning 
different  from  that  which  it  was  really  intended  to  convey.  We  are 
in  danger  of  thinking  that  the  solution  itself  is  in  some  way  peculiar 
—  that,  for  instance,  it  contains  all  of  the  solid  wlueh  it  is  capable  of 
holding.  This  would  be  an  entire  misconception.  If  we  desire  to 
make  a  solution  of  sodium  sulphate  (NajSO,),  for  exam|de,  we  may 
jH'esent  this  suVistanee  to  the  water  either  in  the  form  of  Glauber's 
salt  (Na.jSOi,  1(>II„0)  or  of  anhydrous  sodium  snlphate.  Now  the 
anhydrous  and  the  hydrated  forms  of  a  substance  always  behave  like 
entirely  different  sulistances.  This  liydrate  cannot  give  more  than  5 
parts  of  sodium  sulpliate  (Na,80j)  to  100  parts  of  water  at  0°,  ^^^^en 
the  anhydrous  comijouiid  is  used,  many  times  this  amount  (Fig.  62)  is 
dissolved  at  the  same  temperature :  Na^SO,  (solid)  ;=*  Na^SO^  (diss'd). 
The  solution  pressures  of  tlie  two  forms  are  entirely  different.  The 
phrase,  "  a  saturated  solution  of  sodium  sulphate,"  is  therefore  devoid  of 
deHnite  meaning.  "We  must  descrilw  the  liquid  as  a  solution  saturated 
by  anhydrous,  or  by  hydrated  sodium  sulphate  as  the  case  may  be. 

Being  different  mbstftDces,  the  hydrated  and  anhydrous  forms  of  a  compound 
roust  bo  inveatigated  separtttely  ns  to  their  eolubility  at  TariouB  temperatures.  The 
results  must  |;lvo  different  curves,  as  for  distinct  substances. 

Before  referring  to  the  curves  of  the  two  sodium  sulphates,  it  must  be  remarked 
that  hydrates  decompose  into  the  auhydrous,  or  some  less  hydrated  form  at  a  dett- 
uite  temperature.  We  cannot  therefore  continue  tlie  obBer^-ation  of  the  solubility 
of  the  substADce  b«yond  the  temperature  at  which  it  ceases  to  exist.  Thus  the 
solubility  curve  of  a  hydrate  comes  to  an  abrupt  termination  at  the  decomposition, 
or,  as  it  is  usually  calleil,  the  transition  poUit.  Now  the  dectthyilrate  of  sodimn 
sulphate  decomposes  at  33. 4°,  so  that  Its  solubilities  cau  be  meauured  only  from  about 
0°  to  ,12.4°.  The  solubility  of  the  anhydrous  form,  however,  can  be  Investigated 
up  to  100°,  or  beyond  it,  if  necessary.  Not  only  so,  but  measurement*  can  be 
carried  out  below  32.4''.  The  union  with  water  to  form  the  decahydrato  is  so  slow 
that  there  is  time  to  saturate  the  solution  with  the  anhydrous  body,  and  decant  the 
liquid  for  analysis,  before  the  hydrate  bepins  to  be  produced. 

The  solubility  of  the  decnhydrate  (Fig.  fl2)  rises  rapidly  between  0°  and  82.4° 
from  G  to  GA  parts  in  100.     The  solubility  of  the  anhydrous  sodium  solphale  d«- 
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~CT«ASes  steadily  from  more  than  55  parts  below  39.4"  to  42.5par(a  at.  100°.  The 
character  of  the  two  bodies,  in  ilie  matter  of  .solubility,  ia  therefore  entirely  difler- 
ent.  The  solutions  tbcuiselves,  as  liaa  bceu  said  already,  are  ideuticitl  in  erery 
way,  when  they  have  the  siuiie  coucentration,  whether  they  have  been  made  from 
the  one  subatanre  or  the:  utlier. 

Let  us  retm-a  now  to  tiie  proper  vmo  of  the  term  "  aaturated  solution."  We  might 
say,  correctly,  tliat  at  Wa  solution  made  from  hydrated  sodium  sulphate  and 
coutainiug  1!>,4  parts  of  sikUuui  stdphatu  in  101)  of  water  was  saturated,  Thii 
would  not,  however,  be  the  itiaximum  quanirty  which  the  Kaiue  amount  of 
water  could  hold,  for,  with  the  help  of  the  anhydrous  compound,  we  couhl  add  an 
amojiiit  etiuivalent  to  prolonging  the  oidiaate  at  20=  until  it  intersected  the  curve 
of  anhydrous  sodium  aiilphate  somewhere  about  the  value  (SI).  Nor  can  we  be 
surti  that  even  then  the  water  would  contoiu  all  the  sodium  sulphate  which  it 
coubi  hottl.  It  is  conceivable  that,  by  preaentiiig  the  BubBtaoce  in  some  still  other 
form,  even  greater  solubility  might  be  observed. 

A  saturfited  solution,  if  we  Ux  our  minds  upon  it  simply  as  a  solution,  is  not 
^Herenl  from  any  other  Bolution.  There  is  no  feature  in  the  pmi^rtiBS  of  such 
a  solution  qua  solution  which  distinguishes  it  in  the  lca«l  ftom  one  containing 
slightly  less  or  one  containing  i^lightly  more  of  the  disstjlved  substance.  In  con- 
tact with  a  crystal  of  the  substjincc  used  to  produce  the  saturation,  however,  the 
aatUTBted  solution  i»  found  to  be  in  equilibrium,  while  the  unsaturated  aolutiou 
takes  up  more  of  the  substance,  and  the  supersaturated  solution  at  once  deposits 
the  amount  which  it  contains  in  excels  of  the  saturated  solution.  The  words  uii> 
saturated,  saturated,  and  superKaturated  convey,  therefore,  no  meaning  unless  we 
add  that  the  solution  is  so  towards  some  specific  form  of  material.  These  are  quali- 
ties of  the  system  including  the  undissolved  body  and  not  of  the  solution  by  ilselt. 

The  fact  that  the  hydrated  and  anhydrous  sodium  sulphates  give  SiUurated 
iolutions  of  the  same  ooncentratiou  at  .?2.4°,  so  that  the  curves  intersect  at  this 
point,  is  a  very  signilicant  one.  This  is  tlie  tempemttn-e  at  which  the  former  r«1j- 
stance  turns  into  the  latter.  At  transition  jioitits  like  this  the  values  of  solubility, 
vapor  pressure,  and  some  other  properties,  are  always  the  same  for  both  forms  (see 
Freezing-points  of  solutions). 

JPropertiett  of  Solution  it  Propftrtional  to  Cottcetttratfon  .• 
Vapor  Tennion,  —  Besiil<=^.s  osmotic  prt'.ssiire  (p,  151'),  there  are  .Severn! 
propertiea  of  soiutiona  which  are  jiroportional  to  the  concentration  of 
the  solution. 

If,  inst«atl  of  wjiter,  we  intrnduce  arjuenus  solutions  of  the  same 
substance  sm'<'e8sively  into  the  barometric  vacimin  (  Fir.  .S9,  p.  11(>),  we 
find  that  the  vapor  pressures  of  the  sohitions  are  less  than  that  of 
w-ater  at  tlie  .saiue  teinperatiire.  The  dimimition  in  the  fall  of  the 
mertmry  column,  which  measures  the  lowering  lu  vapor  pressure,  is 
proportiotial  to  the  conoentratlon  of  eacb  aoltition.  Tlie  limit  is 
reached  vnth  the  saturated  solution,  althoui^'li,  if  this  ia  rather  con- 
centrated, the  proportionality  does  not  hold  strictly  down  to  that 
point  (see  Chap.  xvii). 
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This  loTVering  in  the  vajwr  pressure  of  water  is  often  considerable 
Tlius  at  100°  a  7.5  per  uent  solution  of  potassium  chloride  shows  a 
vapor  pressure  of  only  734.1  mm.,  while  that  of  water  is  760  mm.  The 
differeuL-e  is  25,9  iiun.  Hence  the  solution  has  to  be  raised  to  a  higher 
temperatnie  (100.96°)  before  it  boila.  This  is  almost  exactly  .037" 
jwr  1  mm.,  which  is  the  value  for  pure  water  (p.  118). 

This  conclusion  may  also 
be  readied  graph  ically  (Fig. 
03).  The  oriliiiates  represeat 
the  vapor  teiiKiotis  correspond- 
iug  lo  the  temperatures  sbown 
by  the  absciasfb.  Tlii'y  io- 
erease  ii:  leiigtli  \i'iLh  rise  in 
temperature.  The  horizontal 
dotted  Hub  shows  the  vapor 
tension  o(  700  mm.  at  wliich 
any  liquid  will  boil.  The 
boiling-point  of  the  solvent  is 
therefore  the  temperature  at 
which  its  curve  intersects  this 
line.  Since  the  vapor  tensions 
of  the  solution  are  all  below 
those  of  the  solvent,  its  curve  lies  below  that  lor  the  solvent  but  iisceiids  along  with 
the  latter.  Hence  it  also  cuts  the  700  mm.  line,  but  at  a  point  beyond  the  boil- 
itig-poiui  of  the  pure  soivent.  Since,  for  short  lengths,  the  turves  are  very  nearly 
straight  lines,  the  distance.^  from  boiling-point  to  boiling-point  are  very  nearly  pro- 
portional to  the  vertical  distances  between  the  curves.  That  is  to  say,  tiie  eleva- 
tiona  In  the  boiling-point  are  proportional  to  the  depressions  in  the  vapor 
teusioii,  and  therefore  to  the  oonoentratiou  of  the  different  solutions  of 
any  one  Bubstance.  When  different  substaiicea  or  solvents  are  compared,  the 
scale  alone  isdifiereut  (see  Cliap,  xvii). 

The  same  effect  may  be  observed  in  isoinorpbous  mixtures  of  solid  bodies, 
which  in  many  ways  resemble  solutioDs.  Thus  the  vapor  tension  o(  water  In  the 
iilnm.H  is  greater  tlian  the  average  vapor  pressure  of  water  In  the  air,  and  hence 
they  lose  their  water  of  hydration  spontaneously  (i^f.  p.  121).  But  if  mixed  crystals 
of  two  alums,  say  ordinary  alum  and  iron  alum  (KjSOj,  Al,(SO,)j,  24tl,n  and 
(NH^)^n,,  Fej(SO.)i,  24H3O),  are  prepared,  they  keep  perfectly.  The  vapor  tension 
of  the  water  in  each  has  been  lowered  by  the  iiUluenoe  of  the  other  alum  dissolved 
In  It.  Similarly,  calcium  formaU"  (C^CHO^),,  iUfi)  effloresces  (p.  12.?),  but  loses 
this  tendency  when  crystallized  with  some  of  the  Isomorpbous  barium  or  strontium 
ult. 

This  principle  explains  the  habit  of  very  soluble  compounds 
(deUqneecent  substances)  to  become  moist  when  exposed  to  the  air 
and  finally  to  dissolve  in  the  water  they  seem  to  attract  from  it, 
SincSj  on  account  of  their  solubility,  the  moisture  fiist  present  on 
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their  surfaces  (p.  117)  is  a  highly  crjncefltrated  aolntion,  !ta  vapor  ten- 
sion is  lower  than  the  vapor  pressure  of  water  in  ordinary  air  (p.  161). 
Hence  further  condensation  takes  place  (pp.  121-122)  until  the  sulv 
stance  is  so  diluted  that  the  vajior  tension  of  its  solution  becomes  equal 
to  the  aqueous  pressure  of  the  atmosphere.  Concentrated  sul])lmric 
acid,  calcium  chloride,  and  magnesium  cHloride  (p.  34)  are  substances 
of  this  kind. 


Freezing- Pohitd  of  Solutlonn,  —  Every  pure  liquid  has  a  defi- 
nite temperature  at  which  it  freezes.  Thus,  pure  water  freezes  at  (HP 
and  benzene  at  (P.  The  presence  of  a  foreign,  dissolved  body,  how- 
ever, lowers  the  freezing-point.  Thus,  sea^water  is  harder  to  freeze 
than  fresh  water.  The  freezlng-poLnts  of  aolntlons  of  the  same  sab- 
stance  aue  found  to  be  depresBed  below  that  of  tbe  solvent  In  pro- 
portion to  the  concentration  of  the  kolute*  (see  Chap.  zvii).  This 
may  be  shown  gr!ij)hi- 
cally  (Fig.  64).  Theordi-  mm. 
nates  represent  vapor  ^ 
tensions  corresponding  ■; 
to  the  temperatures  iS 
shown  by  the  abscissee.  ^ 
The  rate  at  which  the  * 
former  rise  is  greater  for  4.8 
ice  than  for  water,  hence 
;he  ice  curve  is  steeper. 
At  0°,  ice  and  water  can  Temii.  v 

coexist       permanently  fio.  m. 

(p.  115).     By  measure- 
;ent,  they   have  the  same   vapor  tension  (4.6  mm.)  at   this   point, 
.eoretically,  if  they  had  not,  they  could   not  coexist    indefinitely, 
for  the  one  with  the  greater  vapor  tension  would  evaporate,  and  ita 
vapor  would  condense  on  the  other  until  one  of  them  alone  remained. 

Now  the  vapor  tension  of  a  solution  is,  at  all  temperatures,  lower 
(Fig.  64)  than  that  of  water.  Hence,  for  a  solution,  the  curve  must 
cut  the  ice  curve  lielow  4.6  mm.  and  therefore  behind  0°.  In  other 
words,  ice  and  the  solution  cannot  have  equal  vapor  tensions,  and 
therefore  coexist  in<lefinitely,  except  at  some  temperature  below  0°. 

*  The  ice  which  Aeparales  daring  Ihe  freezing  coiiHists,  sa  n  rule,  of  the  pure 
aolvent,  and  the  solute  does  not  enter  inlo  it.  Only  when  this  is  the  case  does  this 
Uw  represent  tbe  facts. 


J 


INOBGANIC  CHEMISTRY 

But  the  temperature  at  wliich  ice  can  exist  indefinitely  in  a  eolutioal 
is  tlie  tVeezing-point.     Heuee,  freezing-points  of  solutiouB  are  always 
lower  than  those  of  the  pure  solveuts. 

By  measuring  the  vajior  tensions  of  the  solution  at  several  temper- 
atiU'eSj  in  order  to  see  how  far  the  curve  for  the  solution  is  below  that 
of  wat^^r,  and  then  producing  the  curve  for  the  solution  backwards,  the 
intersectiira  with  the  ice  curve,  and  therefore  the  freezing-point,  may  he 
obtained  grajihicaHy.     Direct  measiu'enient  always  conlirms  the  result. 

At  transition  points  like  that  of  ice  and  water,  the  values  of  proper- 
ties of  both  forms,  such  as  the  vapor  pressure  and  the  solubility  in 
some  different  substance,  are  always  identical. 

Since  the  ice  curve  is,  for  a  short  distance,  almost  a  straight  line,  it 
follows  that  the  depressions  of  the  froeziug-jioint  are  projiortional  to 
those  of  the  vapor  tension,  and  these  in  turn  are  jiroportioniil  to  the 
concentrations.  From  this  relation  wo  get  the  statement  with  which 
this  section  opened.  Thus,  solutions  of  sugiir  containing  11.4,  22.8,  and 
34.2.  g.  of  sugar  to  100  g.  of  water  freeze  at  -  0.(52^,  -  1.2;-f',  and  -  1.85°, 
respectively.  Numerically,  in  the  case  of  water,  a  lowering  of  the 
vapor  pressure  by  ^^j^  of  its  amount  at  each  temperature  sets  the 
freezing-iKjint  back  1.05''. 

In  everyday  life  we  scatter  salt  on  ice  to  melt  it.  The  salt  dis- 
solves in  the  raoistui'c  on  the  surface,  and  the  ice  cannot  exist  in  pres- 
ence of  this  solution  at  0'.  It  melts,  absorbing  heat  in  doing  so,  until 
the  temtwrature  of  the  Tnixture  reaches  that  of  a  freezing,  saturated 
solution  of  salt  (alvout  —21°=  — C  F.).  '\\lien  the  existing  temperature 
is  lower  than  this,  the  salt  luis  no  effect  on  the  ice.  Fieezlng  miztures, 
Iteing  always  mixtures  of  ice  with  various  soluble  substances,  work 
in  accordance  with  the  principle. 

Densitlen  of  SoltltUmti.  —  The  densities  or  speclfle  gravltieH  of  solutloDS 
are  also  f unetiuaa,  although  not  simple  ones,  of  the  concentrations,  and  hence  the 
lalttr  are  cotuinoiily  ilntliied  for  commercial  purposes  by  the  former.  We  purchase 
aiDmonitim  hydrate  of  "0!<8Kp.  gr.,"  nie.ining  35  per  cent  of  aitunonia,  or  sul- 
phuric acitl  of  '•  1,84  sp.  trr.,"  meaning  ICMl  per  cent  of  ilie  acid. 

Tbe  Sfilutiou  usually  liiiii  a  Dinalli^r  rutuiiic  than  tliiit  of  the  sum  of  the  conelit- 
uenta.  Thus,  68.5  g.  of  wKliiim  chloride  occupying  £7. 5  cc.  give,  when  dissolved 
in  10  liters  of  water,  a  aoliition  whose  volume  Is  lO.OKW  liters.  The  solution  is  only 
16.6  c.c.  tntiora  bulky  than  the  water.  Similarly,  a  formula- weight  of  potassium 
nitrate,  occupying  44,7  c.c,  adds  only  3S.fi  c.c.  to  the  bulk  of  10  liters  of  water. 

Heat,  of  SoltitloH.  —  When  a  Vxxly  is  dissolved  in  water,  the  solu- 
tion may  be  either  warmer  or  colder  than  the  original  materials,     The 
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sources  or  destiny  of  the  heat  given  out  or  absorbed  have  not  been 
studied  in  sut^h  a  wtiy  that  detiiiit*  statemeuts  can  lie  maile  alxtut  the 
theory  of  the  subject.  There  are  many  factoi-s  whieb  would  liave  to  be 
considered.  For  example,  the  body^  if  a  solid,  goes  bito  an  esyentially 
liquid  eonditiou,  and  its  heat  of  fusion  is  always  negative.  The  changes 
in  its  molenular  condition  involve  either  lilwration  or  absorptiou  of 
heat.  The  ehange  in  volume  must  have  a  heat  effect  connected  with 
it.  But  abiiost  nothing  Is  known  abtiut  these  and  other  (see  Heat 
of  ionization)  essential  parts  of  the  phenomenon. 

The  first  water  used  always  causes  a  greater  heat  change  than  the  ad- 
dition of  succeeding  equal  amounts.  Heats  of  solution  ai-e  measured  for 
the  solution  of  one  formula^weight  of  the  substance  in  unlimited  water. 
The  values  in  calories  for  some  common  substances  are  aa  follows : 


(H,SO„  Aq)  =  +  39,170 
(HCl,  Aq)  =  +  17,400 
(KOH,  Aq)    =^+12,500 
(NaOH,  Aq)  =  +  9780 
(Na,CO„  Aq)  =  +  5{i40 
(CaCl,,  Aq)  =  +  3258 


(NaCl,  Aq)  =  -  1180 

(NH.Cl,  Aq)  =  -  3880 

(IvCl,  Aq)  =  -  4440 

(Na/;0„  lOHjO,  Aq)  =  -  16,100 

(Na^O^  Aq)  =  +  400 

(Na,SOi,  lOHjO,  Aq)  =-  18,760 


When  a  sulistanee  comes  out  of  solution,  the  heat  effert  is  equal  and  of 
opposite  sign  to  that  occurring  when  the  same  substance  gOL's  into  solu- 
tion. Hence,  since  the  decEihydiate  of  sodium  sulpliate  absorbs  heat 
in  dissolving,  a  eonsideralilc  development  of  heat  is  noticed  when  it 
suddenly  crystallizes  from  a  supersaturated  solution.  Some  ether  in  a 
ttibe  immersed  in  the  solution  may  lie  boiled  by  this  heat  and  its  vapor 
set  on  fire  to  make  the  fact  evident  at  a  distance.     An  important  rola^ 

tion  between  heat  of  solution  and  solubility  will  be  disuuased  under 

^Bnran't  HoS's  law  of  mobile  equilibrium  (r/.tr.). 

DeflnUion  of  a  Solution,  —  We  are  now  able  to  make  a  brief 

statement  which  shall  distinguish  solutions  from  mixtures  on  the  one 
hand  and  from  chemical  comimuiids  on  the  other.  Solutlona  are 
homogeneous  mlxtureB  of  two  or  more  substances  ■wJilctL  are  not  sep- 
arable Into  their  constituents  by  mechanical  meana  vtrithout  altering  the 
state  of  one  of  the  substances,  and  ii^hoBe  properties  vary  coutluuouslj' 
with  the  proportions  of  the  constituents  between  certain  limita. 

Application  in  Chemical  WfU'h-  —  The  theory  of  this  snbjeijt 
has  been  given  on   account  of  its  intensely  jiractical  juterest,  and  it 
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should  be  Itept  in  miud  in  all  ordinary  chemical  operations.  It  will 
afford  an  explanation  of  many  things  which  might  otherwise  be  attrib- 
uted to  the  wrong  cause,  or  might  remain  entirely  without  explanation. 
For  example,  why  is  the  action  of  a  metal  upon  an  acid  so  slow  ?  "VVe 
luufit  remembtT  that  au  acid  diluted  with  water  is  being  used,  and 
only  one  molecule  out  of  every  dozen  or  hundred  is  a  molecule  of  the 
acid.  So  tliat  the  access  of  the  latter  to  the  uuital  is  restricted  at  first, 
aiid  becomes  more  and  more  so  as  the  molecules  of  the  acid  iu  the 
immediate  vicinity  of  the  metal  undergo  chemical  change.*  On  the 
other  hand,  the  metal,  especially  if  it  be  in  the  form  of  sticks  obtained 
by  casting,  presents  one  of  the  elements  in  the  action  in  a  most  com- 
pact form.  The  only  parts  whidi  are  accessible  to  the  acid  are  thoso 
uj)on  the  sui'face,  and,  the  metal  not  being  appreciably  soluble  in  water, 
the  molecules  can  only  pass  off  and  expose  a  fresh  layer  very  slowly. 
It  is  no  wonder  that  many  chemical  actions  oeeuiiy  a  considerable  time. 
The  wonder  is  that  tliey  should  take  place  as  rapidly  as  they  do. 
Their  speed  would  seem  to  point  to  a  most  intense  chemical  activity, 
even  in  the  seemingly  feebler  instances.  Various  artifices  are  habitu- 
ally employed  for  facilitating  chemical  action.  Thus,  the  metal  may  he 
reduced  to  a  leafy  form  by  poui'ing  the  molten  substance  into  cold 
water.  NatmiiUy,  with  metals,  the  maximum  surface  and  the  most 
rapid  chemical  action  are  obtained  by  using  a  fine  powder. 

The  most  speedy  interaction  of  all,  other  things  l)eing  equal,  must 
be  attainable  by  diasolving  all  the  interacting  substances  in  water. 
Under  these  circmnstsmces  all  the  molecules  of  each  substance  must 
simxiltaneously  have  many  molecules  of  the  others  within  easy  reach  of 
them. 

Ex-ercinen,  —  1.  Give  other  examples  of  limited  solubility  in  vari- 
ous solvents  (p.  14G). 

2.  If  you  were  not  permitted  to  evaporate  sea--watBr  to  drjmess,  how 
should  you  show  that  it  was  a  solution  and  not  a  ptire  substance  ? 

3.  Reexpress  HcniT's  law  (p.  164)  in  tenns  of  the  volume  of  gas 
dissolved  at  different  pressures. 

4.  If  hydrogen  sulphide  is  diluted  with  ten  times  its  volume  of 
hydrogen,  what  volume  of  it,  estimated  as  pure  gaa,  will  be  dissolved 
by  20  volumes  of  alcohol  at  0°  and  700  mm,  (p.  154)  ? 

*  In  Eplte  of  tlie  continuous  exhauidion  of  the  acid,  there  is  often  a  steady  tn- 
k<apnM  lu  the  rate  at  which  a  dilute  acid  interacts  with  a  metal.     This  is  due,  at 
EiftlM,  to  the  dirt  en  the  surface  of  the  iiiytal  wliieh  temporarily  obmructa  the  ac- 
tion, and,  later,  to  the  rising  t«mperatur«  of  the  interacting  bodies. 
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6.  If  the  dissolved  air,  after  being  removed  from  water  by  boiling, 
were  to  be  shaken  with  water  once  more,  in  what  proportions  by 
volume  would  the  gases  now  dissolve  (p.  166)  ? 

6.  Bead  from  the  curves  (p.  167)  the  solubilities  of  potassium 
nitrate  at  16°,  of  potassium  chloride  at  30°,  of  potassium  chlorate  at 
45°.  What  are  the  relative  rates  at  which  the  solubilities  of  these 
salts  increase  with  rise  in  temperature  ? 

7.  Express  the  concentrations  of  solutions  of  ammonium  chloride, 
saturated  at  0°  (sp.  gr.  1.076),  and  of  potassium  sulphate  KjS04,  satu- 
rated at  10°  (sp.  gr.  1.083),  in  terms  of  a  normal  solution  (p.  149). 

8.  Express  the  concentration  of  a  five  per  cent  aqueous  solution 
of  phosphoric  acid  (sp.  gr.  1.027),  in  terms  of  a  normal  and  a  molar 
solution,  respectively. 

9.  Name  the  phases  (p.  156)  in  a  system  consisting  of  oxygen  and 
its  aqueous  solution,  (a)  above  0°,  (b)  below  0°. 

10.  When  a  solution  of  a  very  soluble  substance,  like  zinc  chloride, 
is  evaporated  to  dryness  on  a  water  bath,  why  is  the  escape  of  the 
last  portions  of  the  solvent  so  much  slower  than  is  that  of  the  first  ? 
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CHAPTER  XI 

CHLORUn:   AND   H7DROai!N    CHLORIDE 

Chlokink  -was  first  recognized  as  a  distinct  substance  by  Seheele 
(1774).  He  olrtained  it  from  salt  by  means  of  manganese  dioxide, 
using  tlie  comnuin  method  descriljed  below.  It  was  for  years  sup- 
posed to  be  a  compound  containing  oxygen,  but  the  work  of  Davy 
(1709-1818)  established  the  fact  that  it  is  an  element. 

Oceuri'enee.  —  Chlorine  does  not  occur  free  in  nature.  There  are, 
however,  ma.ny  compounds  of  it  to  be  found  in  the  mineml  kingdom. 
Sea-water  contabis  a  number  of  chlorides  in  solution,  Kearly  2.8  of 
the  3.6  per  cent  of  solid  matter  in  sea-water  is  common  salt  (sodium 
chloride,  Xa(vl),  During  past  geological  age^  the  evaporation  of  sea- 
water  has  led  to  the  formation  of  immense  deposits  of  the  compounds 
usually  found  in  such  water.  Thus,  at  Stassfurt,  such  strata  attain  a 
thickness  of  over  a  thousand  feet.  Certain  layers  of  these  strata  are 
composed  mainly  of  sodium  chloride,  called  by  the  mineralogist  halite 
(rock  salt).  In  other  layers  potassium  chloride  (sylvite),  and  hydrated 
magnesium  chloride  (bischofite),  and  other  compounds  of  chlorine,  oc- 
cur.    The  chloride  of  silver  (bom  silver)  is  a  valuable  ore. 

Pfepnrfifion.  — Chlorine  cannot  be  obtained  with  the  same  ease 
as  oxygen.  Thtu-e  are  only  a  few  chlorides,  sticli  as  those  of  gold  and 
platinum,  which  lose  chlorine  when  heated,  and  they  are  too  expensive 
or  difficult  to  make  for  laboratory  use.  We  employ  therefore  methods 
hke  those  used  fw  the  preiKiration  of  hydrogen.  We  may  (1)  decom- 
pose any  chloride  by  means  of  electricity,  just  as,  to  get  hydrogen,  we 
electrolyzed  a  dilute  acid  (pp.  63,  94).  Or  (2)  we  may  take  some  inex- 
pensive compound  of  chlorine,  such  as  hydrogen  chloride  (HCl),  and  by 
means  of  some  simple  substance  which  is  cafKible  of  uniting  with  the 
other  constituent,  — -  here  oxygen  serves  the  purpose,  —  secure  the 
liberation  of  the  element  (p.  99).  Or  (3)  —  and  this  turns  out  to  be 
the  most  convenient  laboratory  method  —  we  may  use  a  more  complex 
action. 
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Elet^r»lffsi»  of  Chloride.^,  —  Hydrogen  fhlorkle  and  those  clilo- 
ridca  of  metals  wliicli  are  solulilii  in  water  are  all  di'i'oniposed  when  a 
current  of  electricity,  ia  psissed  through  the  afjuefjus  solution.  They 
yield  chlorijie  at  the  potiitive  cdectrode.  The  other  crmstitncnt,  the 
hydrogen  (Fig.  (>(>),  manganese,  or  whatever  it  may  lie,  is  lilKjrah'd  at 
the  negative  wire.  To  deccnnjKise  hydroclilorie  acid  an  electmrnotive 
force  of  at  least  l.J-Sl  volts  is  required.  Since  the  ehlorine  is  soluble  in 
water,  the  effervea- 
cence  due  to  its  re- 
lease ia  not  notice- 
able until  the  liquid 
round  the  electrode 
h;is  Income  satu- 
rated with  the  gius : 
CI,  (dias'd)  ^  t% 
(gas).  The  shape 
lOf  the  apparatus 
keeps  the  two  prcxi- 
ucts  from  mingling. 
The  presence  of  the 
chloriuc  in  the  liq- 
uid at  the  positive 
end  may  lie  shown 
by  a  suitalile  test 
(jip.  y9  and  175). 

In  commerce 
chlorine  is  now  ob- 
tained chiefly  by 
this  method,  sodium 

chloride  or  potassium  chloride  being  the  source  of  the  element,  Elee- 
trodea  of  aititieial  gniphitc  are  used,  as  most  other  eonduetors  unite  witli 
the  chlorine.  The  potassium  or  sodium,  as  the  case  may  be,  travels 
towards  the  negative  electrode,  but  is  not  liberated  (p.  99).  Instead, 
potassium  or  sodium  hydroxide  accumulates  in  the  solution  rci\ind  the 
plate  and  hydrogen  escapes.  The  cbloriue  is  released  at  the  positive 
electrode,  aa  usual.  The  hydroxide  and  the  chlorine  With  hud  chemi- 
cal applications.  The  chlorine  i.s  either  li(|ueHed  by  compression  iu 
iron  cylinders  or  employed  at  once  for  uiuking  lileaching  powder  ('/.«'-)• 

In  the  Acker  process  ('/.i'.),  melted,  impure  aodiuia  chloride,  with- 
out any  solvent,  is  electrolyzed. 
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I  Action  of  Free  Oxygen  on  Chlofideit,  —  Oxygen  doea  not  inter- 
witli  aoclmm  chloride  even  at  a  high  temperature.  Hence  the 
chlorme  must  firat  be  transferred  to  some  other  form  of  combination. 
By  the  interaction  of  acids,  of  which  the  most  commonly  used  is  sul- 
phuj'ic  acid,  with  chlorides,  of  which  the  cheapest  is  sodium  chloride, 
we  obtain  hydi'ogen  chloride.  The  details  of  this  action  are  described 
below  (p.  178).  In  order  to  liberate  chlorine  from  this  nonipound,  we 
may  combine  the  hydrogen  with  oxygen  obtained  from  the  air.  The 
action  is  in  accordance  with  the  equation  : 

2HC1  +  0  ^  HjO  +  2C1. 

The  two  gases  interact  so  slowly,  however,  that  a  catalytic  agent  must 
be  employed.  The  mixture  of  air  and  hj^drogen  chloride  is  passed 
over  pieces  of  heated  pumice-stone  or  broken  brick  previously  saturated 
with  cupric  chloride  solution.  A  temperature  of  370°-400°  is  used. 
In  the  resulting  gas  the  chlorine  is  mixed  with  steam  and  with  a  very 
large  volume  of  nitrogen  which  entered  with  the  oxygen,  so  that  for 
making  the  pure  substance  this  metho<i  (Deacon's  process)  ia  quite  un- 
suitable. 

Usin^  the  same  principle,  magnesium  clilorido  may  be  heated  in  a  stream  of  air, 
when  the  oxide  of  maitneaium  is  formed  and  chlorine  is  ffiven  off;  Mj^Clj  +0  — > 
MgO  -f  2C1.  The  oxide  of  magoesiura  can  then  be  treated  with  hydrochloric 
acid  to  regenerate  tim  clilortde,  which  in  turn  may  be  subjected  once  more  to  the 
action  of  oxygen.    Tlie  process  is  tlius  a  coutinuouit  one. 

The  above  action  is  spoken  of  aa  an  oxidation.  It  is  true  that  no 
oxygen  is  actually  introduced  into  the  hydrogen  chloride  as  a  whole. 
The  removal  of  liydrogcn  from  comljination  with  the  chlorme  is,  how- 
ever, the  first  step  towards  the  introduction  of  oxygen  into  combination 
with  the  latter,  and  is  essentially  an  oxidation. 

Action  of  Combined  Oxygen  npon  Chlorides.  —  The  usual 
lal>oratory  method  of  making  chlorine  is  to  mix  a  solution  of  hydrogen 
chloride  in  water  (hydrochloric  acid,  p.  93)  with  roughly  powdered  man- 
ganese dioxide.  The  flask  containing  the  mixture  is  heated  by  means 
of  a  bath  containing  hot  water  (Fig.  66).  The  gas  ia  passed  through 
a  washing  bottle  containing  water,  in  order  to  remove  some  hydro- 
gen chloride  which  may  be  carried  over.  It  may  be  dried,  if  neces- 
sary, in  a  second  washing  bottle  containing  concentrated  8ulphiu:ic 
acid.  It  cannot  be  collected  over  water  on  account  of  its  solubility,  so 
that  jars  are  usually  filled  with  it  by  downward  displacement  of  air, 
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The  chemical  change  used  here  is  somewhat  complex.  When  an 
acid  (hen)  HL'I)  interacts  with  an  oxide  (here  MnO,),  the  hydrogen  of 
the  former  UDit«s  with  the  oxygen  of  the  latter,  K^ving  water.  We 
perceive  at  once  that  to  combine  with  20,  4H,  obtainable  only  by 
taking  4J1C1,  will  be  i-eijiiired.     Hence  the  equation  might  be  : 

MnO,  +  4HCI  ^  2HjO  +  MnCl,. 

This    is    probably    what    happens   in  the  first   pla«e.     The   pnxlucts 
actually  obtained,  however,  are  water,  manganous  chloride  (MaCl^  and 
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chlorine.     The  manganese  tetrachloride  is  decomposed  by  the  heating, 
thf)  chlorine  escapes,  and  the  other  two  products  remain  in  the  vessel. 

MnOi  +  4HC1  -.  2H,0  +  MnCl,  +  2C1.  (1) 

We  owe  the  chlorine  to  the  fact  that  the  tetrachloride  is  mistable, 

WJifin  Ibe  tiiixture  is  aurrouuded  by  ice  and  saturated  with  chlorine,  it  can  be 
ebown  wrth  souie  degree  of  oe.rtalDi.y  th^t  ii,  contains  the  tetrachloride.  If  it  is 
quickly  poured  Into  water,  hydrated  mangaueae  dioxide  is  precipitated  (Wacker), 
The  decomposition  of  the  tetrachloride  Is  reveraible  : 


MnCl,  jzt  MuCl,  +  Cl^ 

The  tetrachloride  is  hydroljzed  by 


t I  riven  back  by  the  excess  of  cblonne 
MnCl.  +  2H,0  +  «H,0  -^  MnO„  iH,0  +  4HC1. 


INORGANIC   CllEMISTBr 

Tlie  action  (1)  is  of  a  type  very  common  in  chomistry.     It  is  mora 
complex  even  than  double  decomiMsition  (p.  99),  anil,  unlike  this,  its' 
results  cannot  be  anticipated  by  guessing.     If  we  had  used  manganous 
oxide  (ilnO),  we  should  have  had  a  double  decomi^sition : 

MnO  +  2HC1  ->■  IIjO  +  MnCl^,  (2) 

but  we  should  have  got  no  clilorine.     Perhaps  the  simplest  way  to  de- 
scribe the  difference  between  these  two  actions  is  in  terras  of  the  val- 
enco    of   the  manganese.     In   Mn'^Oj"   the  element  is  quadrivalent. 
This  means  that  its  atomic  weight  professes  to  be  able  to  hold  four 
uuit  weig^hts  of  a  imivalent  element.     The  four  valences  of  oxygeu 
(20")  can  do  the  same  tiling.     In  equation  (1)  the  oxygen  fidfils  this  - 
promise  by  taking  4H.'     But  the  Mn'"  can  hold  only  2C1'  permanently 
and  lets  the  other  2C1'  go  free.     In  other  words,  the  valence  of  the 
unit  weight   of  manijanfae  changes  in  the  courae  of  the  action.     In 
equation  (U),  on  the  other  hand,  the  manganese  is  bivalent  to  start 
with  (Jln"0"),  and  is  able   to  retain  the  amount  of  chlorine  ("2C1') 
etiuivalent  to  0".    Aotions  like  that  of  manganese  dioxide  in  (1)  are 
cl;isscd  as  oxidations.     The  hydi'ogen  chloride,  or  rather  h.'df  of  it,  is         | 
oxidized.     A  graphic  mode  of  writing  may  make  this  remai'k  clearer : 
H  J.  .v<i^ 0  +  2HC1  —  HjO  +  Mn"'Cl,  I 

H  '^0  +  2HCl->H,0  +  2Cl  ^d 

The  upper  half  is  a  double  decomposition,  the  lower  an  oxidation  by       ' 
half  the  combined  oxygen  of  the  dioxide. 

In  practice,  instead  of  employing  aqueous  hydrochloric  acid  we 
frequently  use  the  materials  from  which  it  is  prepared,  namely,  common 
salt  and  concentrateil  sulphuric  acid  (p.  178),  along  with  the  manganese 
dioxide.  Under  those  cireumstanws,  the  action  appeal's  more  com- 
plex, but  is  simply  a  eombinatiou  of  the  two  chemical  ehauges,  and  is 
represented  by  the  equation  : 
MnO,  +  2NaCl  +  311^80.  -»  2HjO  +  SM^aHSO^  +  MnSO^  +  2(1. 

Using  the  same  principle,  we  find  tliat  lead  dioxide,  teiriuni  dioxide, 
potaasium  dichromate  (KsCr,0,),  potassium  permanganate  (KMnO,), 
and  many  other  snlistanees,  when  treat^^d  with  :ujueous  hydrochloric 
acid,  likewise  give  chlorine. 

Perhaps  the  best  way  to  obtain  a  steady,  easily  regtilated  stream  of 
chlorine  is  to  place  some  solid  pota.ssiuni  [(criiianganate  in  a  flask, 
arranged   like   that  in  Fig.  70  (i'.  232)  but  without  the  (J-tubes,  and 
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allow  concentrated  commercial  liyilrochlorio  acid,  diluted  with  half  its 
volume  of  water,  to  fall  ujjon  it  Jroj)  by  di'op  from  the  diu[if>i(ig  fnu- 
neU  The  action  is  very  rajjid,  thu  acid  is  exhausted  ulnioat  as  fast  us  i 
it  fallsj  and  so  the  stream  of  gas  can  be  stopjfcd  by  simply  closing  tVie 
stopcock.  In  this,  and  iu  all  the  cases  mentioned  almve,  the  chemical 
action  foUowa  the  same  plan  as  before  (p.  171).  The  oxygen  and  hy- 
drogen combine  to  form  water,  hence  here  8HC1  will  be  needed ',  tlie 
metala  yield  the  chlorides  which  are  stable  at  the  temperatm-e  of  the 
action,  and  the  rest  of  the  chlorine  is  liberated  : 

KMiiO^  +  8HC1  -,  4H,0  +  KOI  +  MnClj  -|-  5C1. 

KtHetic- Molecular  ITitpothesis  Applletl  to  tfieiie  Actions.  —  In 

preparing  chlorine  by  the  usual  lalMratory  method  (p.  170),  it  wiU  \m 
observed  that  the  gas  is  produced  rather  slowly.  Even  lieating  does 
Dot  accelerate  the  interaction  very  greatly.  The  situation  is  that  we 
have  placed  together  manganese  dioxide  in  a  panular  form  and  water 
which  contains  hydrogen  chloride  in  solution.  The  dioxide  is  very 
insoluble  in  water,  and  consequently  its  molecules,  which  must  dissolve 
before  they  can  meet  the  acid,  become  available  very  slowly :  MnO, 
(solid)  j=t  MnO,  (diss'd).  The  finer  the  pulverization,  the  less  will  !» 
the  delay  from  this  cause.  On  the  other  hand,  the  acid  contains 
originally  only  about  one  molecule  of  hydrogen  chloride  for  eveiy  four 
of  water,  and  as  the  former  is  used  up  the  scarcity  of  the  active  sub- 
stance  becomes  gi'eater. 

Again,  we  heat  the  mixture  on  a  water  bath  so  as  to  hastcu  the 
process  (p.  72)  by  raising  the  temperature  to  alwut  90°.  When  we 
prepared  oxygen,  we  forced  the  temperature  up  with  a  naked  liuusen 
flame  until,  between  200'^  and  300",  a  sufficiently  rapid  stream  of  tlie 
gas  was  secured.  The  iron  and  sulphur  (p.  11)  we  i-aised  nearly  to  a 
red  heat.  Here  the  conditions  make  stronger  heating  impoasible.  No 
aqueous  solution  of  hydrogen  chloride  can  Ije  raised  alxive  110°,  the 
maximum  Iwiling-point  (p.  182).  But  we  must  not  carry  the  heating 
BO  far  as  110",  because  even  below  this  jKiint  the  concentrated  acid  gives 
off  gaseous  hydrogen  chloride  freely.  If  we  did,  we  should  contaminat* 
our  chlorine  and  at  the  same  time  lose  a  jiart  of  one  of  the  ingredients  on 
which  the  action  depends.  Intelligent  chemical  work  always  demands 
a  careful  consideration  of  purtdy  physical  facts  of  this  description. 

I*lil/itieal  I'i'opertien,  —  Chlorine  differs  from  the  j^ses  we  have 
encountered   so    far   in    having   a   strong    greenish-yellow  tint   (Gk, 
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xkaipoi,  pale  green),  a  fa<jt  wliich  gave  rise  to  its  njune,  and  having  a 
jjowurtul  iri-itating  effect  upon  tlie  iiieuibraii«s  of  the  nose  iind  throat. 

Denaitj  (H  -  1),  30.70  Boiling-point  (Uq.),  -  33.(P 

Weiglil  of  1 1.,  H.L'20  J!.  Mi'lting-ijiiiut  (solid),  -  Ifri" 

Siiluliility  ill  Atj.  (il)'^),  216  voIh.  In  100  Vap.  tension  (liij.)  {>°,  3M  atmog. 

l.'rtt,  temp.,  +  IKl"  Vaii.  tension  (linO  au°,  (i.6a  atmoii. 

Since  a  liter  of  iiir  weighs  1.293  fj.,  clilorine  is  two  and  a  half 
tiiaea  lieavitT.  In  solubility  it  stands  iK^twecii  slightly  soluble  gases, 
like  oxygen  and  hydrogen,  and  those  whi<ih  are  extremely  soluble.  It 
can  be  collected  over  hot  watur  or  a  strong  solution  of  salt 

It  was  first  litiueiled  by  Faraday,  'i'he  critical  temperature  (p. 
133)  is  exceptionally  high  (14G''),  so  that  at  all  ordinary  temperatures 
the  gas  can  be  liquefied  by  compression  alone.  It  forms  a  yellow 
liquid  which,  contained  in  8t*el  cylinders,  is  now  an  article  of  com- 
merce.    Oil  being  cooled  below  —  102°,  it  gives  a  pale-yellow  solid. 

Chemicnl  Properties.  —  Chlorine  is  at  least  as  active  a  sub- 
stance as  is  oxygen.  It  presents  a  more  varied  array  of  chemical 
projiertieB  than  d<.>e3  tliat  element, 

1.  When  a  strong  solution  of  chlorine  in  water  is  cooled  with  ice, 
crystals  of  chlorine  hydi-ate  (CI,  4HjO)  are  formed.  This  hydrat*, 
being  the  hydrate  of  a  gas,  has  a  high  vapor  tension  of  chlorine,  as 
well  as  a  smaller  one  of  water  (ii.  llil).  At  O*"  the  partial  tension  of 
tho  chlorine  is  U49  mm.,  at  ^.G°  it  is  7(30  mm.  The  compound  decom- 
poses rapidly,  therefore,  at  the  latter  temperature  unless  the  pressure 
of  chlorine  over  it  is  gi'cater  tlian  one  atmosphere. 

2,  Chlorine  uultet  directly  Avitb  many  elomentB.  A  jet  of  hydrogen 
burns  vigorously  in  chlorine,  producing  hydrogen  chloride.  The 
preaence  of  this  pixnluct  may  lie  recognized  at  onee,  because,  while 
chlorine  in  contact  with  nioist  breath  gives  no  cloud,  hydrogen 
chloride  ('/,i.',)  produces  a  dense  fog.  The  wuion  of  the  gases,  when 
a  mixture  of  them  is  kept  cold  and  in  the  dark,  is  too  slow  to  he  per- 
ceived. On  expoHure  to  diffused  light,  however,  they  unite  slowly, 
while  a  sutlden  flitsh  of  sunlight  or  the  burning  of  a  magnesium  ribbon 
causes  instant  ex])losion.  The  function  of  the  light  here  is  entirely 
different  from  that  in  the  decomposition  of  silver  chloride  (p.  19), 
In  the  latter  ca-ie  light  was  used  to  maintain  tiie  change,  which  comes  to 
a  stop  whenever  the  light  is  withdrawn.  The  action  was  endothermal 
and  consumed  energy.  The  union  of  hydrogen  and  chlorine  is  highly 
exothermal,  and  a  minimum  of  light  only  is  needed  to  start  it  (p.  74) 
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Sodium  tonus  in  t'hlorine,  producing  a  cloud  of  white  particles  of 
Bodium  chloride.  Copper  in  the  eonditUm  of  thin  leaf  commonly 
used  for  gilding  (Dutch-nietid),  catchei)  Hi'e  Mpontiiueously  when  tlmist 
into  the  gas.  Phosphorus  burns  in  it  with  a  rather  feeble  light,  pro- 
dutung  phosphorus  trichloride,  a  lifpiid  (b.-p,  74°)  which  condenses 
readily.     The  propoitions  of  the  materials  taking  part  in  this  change 

I         show  that  one  atomic  weight  of  phosphorus  (31)  and  three   atomic 

I        weights  of  chlorine  form  the  pixxJuet : 

■|  P  +  3C1  —  PCI,. 

^■Almost  all  the  more  familiar  elements  unite  directly  with  chlorine  to 
^^form  chlorides.  The  exceptions  are,  nitrogen,  oxygen,  carlton,  helium, 
&nd  argon  (p.  68).  Compounds  with  all  Imt  the  last  two  may  be  ob- 
tained as  products  of  more  complex  interactions,  however. 

Some  elements  form  more  than  one  chloride.  Thus,  when  phos- 
phorus unites  at  a  high  terai)erature  with  chlorine,  we  get  phosphorus 
trichloride.  When  we  pass  chlorine  gas  into  cooled  phosphorus  tri- 
chloride, however,  a  considerable  absorption  takes  place,  and  finally 
a  solid  body  containing  two  more  atomic  weights  of  chlorine,  phoa- 
phorus  pentachloride  (I'Clj),  is  formed. 

Carefully  dried  substancea  unite  slowly  or,  to  all  apjiearances,  not 
at  all  with  chlorine.  Thus,  perfectly  dry  chlorine  does  not  unite  with 
copper,  even  when  the  system  is  wanned.  The  introduction  of  a  drop 
of  water  (p.  75),  liowever,  into  a  remote  part  of  the  apparatus  at 
once  supplies  the  trace  of  moisture  wliich  seems  to  be  necessary  to 
start  the  chemical  change.  Chlorine,  as  ordinarily  made,  miitca  with 
iron  with  great  vigor.  But  drie<l  chlorine  is  quite  indiiferent  and 
does  not  attack  the  steel  cylinders  in  which  it  is  now  sold.  The  water 
is  a  catalj'tic  agent,  and  we  regard  it  as  simply  hastening  an  action 
which  otherwise  is  vanishingly  slow  (p,  73). 

3.  Chlorine,  like  sndiutii  (p.  97),  may  also  dlaplaco  elementa  irliich 
are  already  in  combination.  Thus,  when  turpentine  (Cj^II^)  is  pouivd 
over  a  strip  of  paper  and  is  then  immersed  in  a  jar  of  chlorine,  a 
violent  action  takes  place,  and  an  immense  cloud  of  finely  divided 
cail)on  bursts  forth.  The  heat  of  tlie  action,  as  it  starts,  va])orizc3 
the  turpentine,  and  the  hydrogen  in  the  latter  unites  with  the  chlorine 
forming  hydrogen  chloride,  while  the  carbon  is  set  free :  (C|oHy,  + 
16C1  -,  16HC1  +  IOC). 

The  action  of  chlorine  on  potassium  iodide,  drj''  or  in  solution,  is  of 
tliis  kind,  and  furnishes  the  commonest  teit  (p.  99)  for  free  oMorlne. 
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The  chlorine  simply  takes  the  place  of  the  iodine  (KI  +  CI  — » KCl  +  I), 
and  the  latter  ia  liberated.  Iodine  when  moist  is  deep  browii  in  color, 
and  the  amount  liberated  by  a  lai'ge  quantity  of  chlorine  may  easily 
be  seen.  Yet,  it  ia  an  advajitage  ao  to  arrange  a  test  that  it  may  be  as 
delicate  as  possible,  that  is,  may  give  a  plainly  visible  result  with  the 
minimum  of  material.  In  this  case  much  starch  emuljiion  and  a  little 
potassium  iodide  are  employed.  Strii>3  of  filter  paper  dipped  in  this 
mixture  show  a  deep-blue  color  (see  Iodine)  when  brought  into  a  gas 
containing  even  a  trace  of  free  ehlorine.  Combined  chlorine,  as  in  a 
chloride,  baa  no  effect. 

4.  Wliea  actions  like  the  above  are  moderated  by  proper  means, 
the  decomposition  is  not  so  complete.  If  methane  (miirsh  gaa,  CH^)  is 
mixed  with  chlorine  and  exposed  to  sunlight,  a  slower  action  occurs, 
of  which  the  first  stage  consists  in  the  removal  of  one  imit  weight  of 
hydrogen  and  the  aubatltution  of  chlorine  for  it  according  to  the 
following  equation : 

CH,  +  2C1  -» CH,C1  +  HCl. 

The  process  may  continue  further  by  the  substitution*  of  chlorine  for 
the  units  of  hytli-ogen  one  by  one  until  carbon  tetraclilorido  (CC1«)  in 
finally  formed. 

A  most  interesting  and  important  action  of  this  class  occurs  when 
chlorine  is  dissolved  in  water.  A  small  i>art  of  the  chlorine  interacts 
with  a  little  of  the  water,  the  element  being  substituted  for  one-half 
of  the  hydrogen : 

2C1  +  HHO  ~*  HOCl  4-  HCL  (1) 

Only  traces  of  hydrogen  chloride  and  hypoohlorona  acid  are  produced, 
however.  The  change  comes  quickly  to  a  standstill,  liecause  the  prod- 
ucts interact  even  moi'e  vigoroxisly  to  i"eproduc«  chlorine  and  water : 


HCl  +  HOCl  ^  2C1  +  HjO, 


(2) 


r.. 


the  interaction  being  reversible  (p.  64).     This  interaction  of  chlorine 
water  (1),  slight  as  it  is,  is  of  iinportauoe  on  account  of  the  insta- 

•  Substitntioa  resembles  displacement  (p.  30)  in  that  an  element  and  a  com- 
pouiid  iiiteracs.,  and  tlie  element  takes  tlie  place  <^f  one  unit  in  tlic  compaaiUon  of 
the  Initer.  In  the  abuve  action,  one  unit  of  cliloriae  takes  tbe  place  of  one  unit 
of  hydrogen.  But  Ibe  latter  is  not  liberated  :  it  combines  with  another  tmit  of 
ohloriue.  DotiUe  deconipcjsltion  the  action  is  not,  because  elements  do  dot  decom. 
pose.  The  name  used  is  intended  to  fii  the  nttention  on  the  eomp^mnd  and  on  the 
fact  that  o!ie  unit  has  been  tubsliiuted  for  another  in  it.  This  conception  is  a 
favorite  one  in  the  chemistry  of  compounds  of  carbon. 
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of  the  byjiofJilorouB  acid  (y.»'.)  which  it  produces.     When  the 
lution  is  exposed  to  sunlight,  the  hypochloroua  acid  decomposes  and 
t'gsa  is  prwlueed  ;   HCIO  — ►  UUl  +  O.     Siuce  this  removes  the 
on  whose  interaetiou  with  the  hydrogen  chloride  in  (2),  the 
reversal  of  (1)  depends,  the  latter  action  proceeds  uiider  continuous 
luminatiou  gradually  to  completion.     Hence  tho  acjueous  solution  of 
'ehloriiie  must  he  kept  in  the  djirk,  since  otherwise  a  dilute  solution 
of  hydrogen  chloride  alone  remains. 

Tiiu  so-called  bleaching  action  of  "  chlorine  "  is  almost  alwiiya  the  result  of 
oxidatiiiti  of  the  coloring  matter  bj'  liypnchlorous  a«iil.     C'liloiiiie  and  the  die  in 
the  clotli,  even  when  only  moderately  dr3',  show  no  tendency  to  interaction.    This 
may  be  demonstrated  by  collecting  some  chlorine  in  a  stopperetl  bottle  in  the 
ttom  of  which  a  little  concentrated  sulphuric  acid  stands.     A  piece  of  colored 
icD  may  be  attached  by  a  pin  to  a  cork  stnck  in  the  bottom  of  the  stopper  and 
suspeniled  in  the  gas.     After  ttvcnty-four  hmirs  no  action  will  be  found  to  have 
occurred.     Yet  if  the  rag  is  lirst  moistened,  ttie  ble.tching  is  almost  instantaneous, 
lleuci'  this  bluacliing  action  is  treated  under  the  proijertifs  ol  hypochlorona  Hoid. 

5.  Chlorine  may  simply  add  itself  to  a  compound.  Thus,  one  of  the 
oxides  of  carbon, .carlxio  monoxide  (f'O),  when  mixed  with  chlorine 
and  exposed  to  sunlight  gives  dro[)S  of  a  volatile  liquid  (b.-p.  8.2°) 
known  as  phosgene  (f'OCL). 

Chemical  Itefationfi  of  the  Element.*  —  In  the  formation  of 
chlorides,  an  atomic  weight  of  chlorine  is  equivalent  to  one  atomic 
weight  of  hydrogen  or  of  sodium.  The  element  is,  therefore,  univalent 
(p.  103).  It  never  shows  any  higher  valence  than  this  save  in  its  oxygeu 
compounds  (see  Chap.  xvi).  Tlie  oxidea  of  ehloriue -interact  with 
water  to  give  acids,  and  the  element  is,  therefore,  to  be  classed  as  a 
nou-nictal  (j).  119).  It  hidnngs  to  that  grou])  of  the  non-metals  called 
the  halogens  (q.v.),  as  a  consideration  of  some  others  of  its  relations 
will  show  (see  Chap.  xiv). 

Uiteg  of  Chlorine.  —  Large  quantities  of  chlorine  are  manu- 
factwed  for  the  preparation  of  bleaching  materials  and  disinfecting 
agents. 

*  Inaccordance  with  the  distinction  tiiat  must  be  drawn  (p.  S2)  between  the  ele- 
ment as  a  variety  of  matter  in  cnmb'maliuii,  and  the  ulcmeatary  unbstjuice  or  free 
form  of  the  element,  and  to  avoid  a  couuimn  jooice  of  confusion,  we  shidl  always 
only  tho  betiavior  of  the  eleuientiuy  *uis/anfe  under  tlie  title  chemical  jtrojier- 
Tbe  characteristics  which  dLstlnpiiKh  tlie  compounds  of  the  element,  as  a 
I,  from,  or  relate  them  as  a  claBs  to  the  compounds  of  oilier  elemetit«  will  then 
kppear  in  a  separate  section  luider  the  above  title  (see  Chap,  xiv,  first  section). 
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In  disinfection,  the  minute  germs  of  disease  find  putrefaction  are 
acted  upon  eitlxer  bj'  the  chlorine  or  by  the  hypouhioroua  aeid  formed 
by  ita  intei-autiou  with  water,  and  instantly  their  life  is  destroyed. 
One  of  the  processes  for  the  exti-aetion  of  gold  involves  an  aetion  of 
clilorinc  giis  upon  the  material  after  it  has  received  preliminary  treat- 
ment. A  chloride  of  gold  is  formed,  which  can  be  dissolved  out  of 
the  matrix  by  means  of  water,  and  tlie  metallic  gold  is  afterwards 
preeipitated  from  the  solution. 

Hydrogen   Chlokide. 

Preparation  front  Hodlum  Chloride'  —  As  we  have  seen,  the 
direct  union  of  hydrogen  and  chlorine  produces  a  gas,  hydrogen  chlo- 
ride (HCl).  For  the  purpose  of  preparing  this  gas,  however,  some 
more  eaaily  raanaged  method  will  naturally  be  employed. 

In  commerce  large  quantities  of  hydrogen  chloride  are  obtained  as 
a  by-product  in  connection  with  the  manufacture  of  soda.  The  same 
materials  are  commonly  employed  in  the  laboratory.  Common  salt  is 
treated  with  concentrated  sulphuric  acid  at  a  gentje  heat.  Effervee- 
uence  is  seen  and  hydrogen  chloride  is  given  off,  while  a  compound 
known  as  sodium  hydrogen  sulphate  (sodium  bisulphale)  remains 
behind.     The  action  is  represented  by  the  equation : 

NaCl  +  H,SO^  -^  HCl  \  +  NaHSO,.  (1) 

The  apparatus  used  in  the  prejiaration  of  chlorine  (Fig.  66)  may  be 
employed.  On  account  of  its  extreme  solubility  the  gas  is  not  washed 
in  water,  however.  For  the  siune  reason  it  must  be  collected  by  down- 
ward displacement  of  air,  or  over  mercury. 

The  above  statements  apply  to  the  action  of  a  large  amount  of  sul- 
phuric acid  ujion  a  limited  amount  of  salt,  where  no  high  tem]>erature 
is  employed.  If,  however,  a  larger  projiortion  of  salt  is  used  and  a 
SiiJBciently  hifih  temperature  produced  V)y  artificial  heating,  then  com- 
mon sodium  stilphiite  is  foriised  accoitUng  to  the  equation : 

2NaCl  +  ir,SO,  -^  2HC1  -f-  Na,SO,.  (2) 

The  former  action  is  that  which  occurs  under  the  conditions  used  in 
the  laboratory.  The  latter  is  the  action  which  is  employed  in  com- 
merce, since  it  is  for  the  purpose  of  making  soflium  sulphate  (Ka^SO^), 
from  whicli  sodium  earb<3nat.«>  is  afterwards  to  1m  prepared,  that  the 
operation  is  undertaken.  The  hydrogen  chloride  passes  through  a 
tower,  down  which  water  trickles  over  lumps  of  coke,  and  is  dissolved- 
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CHLORIXE  ASV  UTPBOGKN  CnU>RIDE 

Tb«  aqoeaos  solntian  is  called  hydroclilorie  and,  or,  in 

nuuiatic  acid. 


tnUrttetioM  «/  Acid*  nmd  Chloridr*,  —  It  sbould  be  DOtMl  that 
above  is  simplj  as  illustzatioii  of  a  iierftHtlv  g^n«tal  method, 
oast  any  cfalcnide  of  a  metal  might  haya  hevn  used  instead  of  sodium 
chlonde,  and  almost  any  add  which  ooold  be  obtained  /ire  ^>ni  any 
■■  smoont  of  water  (see  below)  (xmld  hat«  taken  the  place  of  sul- 
acid.  Thus,  coDoentrated  phosphoric  acid  with  any  cliloridi< 
will  ghre  a  cbangie  parallel  to  the  above.  With  sodium  chloride  this 
action  would  be  NaCl  +  lyo,  — .  HCl  f  +  NaH,PO«  (primaty  sodium 
phosphate). 

If  various  chlorides  are  used  with  the  same  arid,  it  will  be  fonnd 

that  the  rigor  of  the  actions  is  very  different     In  some,  hydrtij!*'u 

chloride  will  be  produced  copiously  without  the  assistance  of  hirat. 

bin  others,  there  will  be  difficulty  in  showing  that  hydxogi'u  chloride 

gas  is  produced  at  alL     We  must  not  hastily  assume  that  this  is  owing 

to  any  greater  chemical  affinity  in  one  case  than  another.     More  ex- 

tensive  experiinentJition  will  show  that  the  more  soUtbU  chlorides  as  a 

rule  give  more  vigorous  effects  than  those  wliich  are  less  so  (pp.  Hi6,  YlH). 

I  Ammonium  chloride  with  sulphuric  acid  would  represent  the  former 

^Tariety,  while  mercuric  chloride  with  the  some  acid  would  represent 

I  the  latter. 

The  Kiitetie  Ifypotlt€si»  ApttU^d  t«  the  iHterartion  «/  Siif- 
^■phurie  Acid  and  Salt,  —  One  who  has  used  the  alwve  lutthal  for  mak- 
ing hydrc^n  chloride  without  reflection  would  uot  realize  the  complex- 
ity of  the  machinery  by  which  the  result  is  achit-ved,  Tht"  Jiieana  are 
apparently  very  simple.  Vet  the  niecliaiucal  features  of  this  exjwri- 
ment,  when  laid  bare,  are  extremely  curious  and  interesting.  A  single 
fact  will  show  the  possibilities  winch  are  contrealed  in  it. 

If  we  take  a  saturated  solution  of  8ocli\ini  hydrogen  stiliihate  in 
water  and  a<ld  to  it  a  coucentrat«d  solution  of  hydrogen  chloride  in 
water  (concentrated  liydrotMoric  acid),  we  shall  perc«ive  at  once  the 
formation  of  a  eoiiious  precipitate.  This  is  composed  entirely  of 
minute  cubes  of  sodium  chloride  : 

NaHSO,  +  HCl  -^  H,SO«  +  NaCl  1.  (3) 

Now  this  action  is  nothing  less  tlian  the  precise  reverse  of  (1),  yet  it 
proceeds  with  equal  success.  In  fact,  this  clieiiiiciil  interaction  is  not 
only  reversible  (p.  64),  but  can  be  carried  to  completion  in  either  diroc- 
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tion.  It  is  only  in  presence  of  a  large  amount  of  water  that  it  stops 
midivay  in  its  career  and  is  valueless  for  securing  a  (;oiiij)lt<te  trans- 
formation in  either  direction : 

NaHSO,  +  HCl  ^  H^SO^  +  NaCL 

In  an  action  which  is  reversible,  if  the  prodtu'ts  remain  as  perfectly 
mixed  and  accessible  to  each  other  as  were  the  initial  sulBtaiices,  their 
intei'action  will  continually  undo  a  part  of  the  work  of  the  forward 
direction  of  the  change.  Henc*,  in  such  a  case  the  reaction  miist,  and 
does,  come  to  a  standstill  while  as  yet  only  partly  accomplished 
(c/.  p.  176) ;  but  this  was  not  the  case  with  actions  (1)  and  (3).  Let 
ua  examine  the  means  by  which  the  premature  cessation  of  each  was 
avoided. 

In  (1)  the  salt  dissolved  to  some  extent  in  the  sulphuric  aeid, 
NaCl  (solid)  ?:*  NaC'l  (diss'd),  and  so,  by  contact  of  the  two  kinds  of 
molecules,  the  products  were  formed.  On  the  other  hand,  the  hydrogen 
chloride,  being  insoluble  in  sulphuric  acid,  escai>ed  as  fast  as  it  was 
formed :  HCl  (diss'd)  ^r*  HCl  (gas).  Hence,  in  that  cuac,  almost  uo 
reverse  action  was  possible,  and  tlie  double  decoiupositiou  went  on  to 
completion.  With  all  the  sodium  hydrogen  sulphate  in  t!ie  liottom  of 
the  flask,  and  most  of  the  hydi'Ogen  chloride  in  the  space  above,  the  two 
products  might  as  well  have  been  in  separate  vessels  so  far  as  any 
efficient  interaction  was  concerned.  This  plan,  in  which  water  is  pur- 
posely excluded,  forms  therefore  the  method  of  making  hydrogen 
chloride. 

In  (3),  on  the  other  liand,  tlie  hydrogen  chloride  was  taken  in 
at/ueons  si>tiifif»i,siuii  was  kept  permanently  in  fuU  contact  with  the  so- 
dium bisulphate.  It  had  therefore  in  this  case  every  opportunity  to 
interact  with  tlte  latter  and  no  cliance  of  esc.a]ie.  Every  molecule  of 
each  ingredient  could  reach  every  molecule  of  the  other  with  ecpial 
ease.  Furthermore,  the  sodium  chloride  produced  jis  a  result  of  their 
activity  is  not  very  soluble  in  concentrated  hydrochloric  acid  (far 
leaa  bo  than  in  water),  and  so  it  came  out  as  a  precipitate :  NaCl 
(diss'd)  ^  NaCl  (solid).  Hut  this  was  almost  the  same  as  if  it  had 
gone  off  as  a  gas.  It  meant  that  the  greater  part  of  the  salt  was  in  the 
eolid  form.  It  was  in  a  state  of  fine  powder,  it  is  tme.  But,  in  the 
molecidar  point  of  view,  the  smallest  particle  of  a  jjowder  contains 
millions  of  molec\dcs,  and  most  of  these  are  necessarily  buiied  in  the 
interior.  Thus  the  sodium  eldorido  wiu?  no  longer  able  to  interact 
effectively  molecule  to  moli;culc  with  the  other  product,  the  sulphurio 
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Bcid.  Henee,  flKie  was  fitOs  lerraae  sDliaa  to  impede  the  ytmiw  of 
the  pniBU7  ote.  Thus  (3)  is  iwwlj  w  peifeet  a  waj  of  libenttn^  sal- 
pharic  acid  as  (1)  is  of  libeniiiig  kjrdrqgea  chlonde. 

This  rliaiuiiiiiai  is  girsB  to  Aaw  Om^  m  many  chemical  actjnng, 
the  aflimt3r  is  eotirelj  sohordinated  b^  the  effects  of  a  {>ui«lj  nechaa- 
ieal  anaagiment  {</.  pfL.  28,  IW,  166).  If  the  latter  ia  tn»U  deriaed, 
an  action  propdJed  b^  a  feeble  affiQit]r  mar  prevail  againol  a  nyettb 
aetiom  inTolring  a  rerj  powerful  one  (see  Cbenucal  equilibrima)^ 


1  that  aa^Kle  add  te  ihiMra  hf  1U» 
ihaa  kT^roeklnto  aeid  wMdhpowd  «C  aa  far  h  the 
tail  m  ceauof  ago.     Bat  it  mirrir^m  in  aabotti 

tetaaij.    TIh  bet,  qukmtljreoooi^  iatlial  Aanai 
lo  actifitr  ■  just  Ike  ie*arsR. 


Other  Wa^n  of  Obtaining  Ilf/firoffeH  Chloride,  —  Although 
BTei  used  for  generating  hyilrogeu  chloride  on  a  laige  Soak|  thete  is 
lOther  important  kind  of  action  in  whieh  the  sabstanoo  is  a  pfodnot. 
When  water  acts  upon  the  chlorides  of  non-metJiUio  substatkoes  UJm 
Bulphar,  phosphortts,  and  iodine,  a  double  deuomposition  <x>rurs.  Siuoa 
'irater  is  always  one  of  the  interac'ting  substances,  this  kind  nf  clutuge, 
—  a  doable  decomposition  Involvijig  neater,  —  is  i-^iUiHt  ItydiolyMa 
r(Gk.  £5«p,  water,  and  Aunt,  tlie  aet  of  loosing).  Thus,  whtui  a  ItttK< 
er  is  added  to  one  of  the  chlorides  of  phoepborus,  hydrogen  I'lilnride 
is  formed.  Besides  this,  the  trichloride  gives  pboephoroUB  acid,  aud 
the  pentachloride,  phosphoric  acid  : 

PCI,  +  3H0H  -^  3HC1  -t-  P(OH)„ 
PCI,  +  4H,0  ->  oHCl  +  hJ*0.. 

A  disBOciatioQ  is  a  reveraible  decomposition  of  ooe  sabshiuccs  into  two.     Hy- 
.drolyaia  is  an  ordinary  double  decomposition  or  metathesis  wheiv  vvat^r  is  one  of 
be  reagents.    Yet  it  has  been  perrurfiely  named  bydrolyttc  disaoolatlon  by 
'  many  writ«rs.     A  wbole  chapter  mtglit  be  devoted  U.i  the  ingeniilty  wllti  which 
chemists  have  ntifniamed  many  of  the  things  with  which  they  deal.    Perhai^  tlilH 
tendency  ts  a  sarvival  of  the  habit  the  chemists  hiid  of  ualBi;  obscure  and  »yiubo1t<;Al 
names  for  their  materials  to  prevent  the  penetration  of  their  secrcta  by  uiilnitiivlwl 
.seekers  after  knowk'ilge.     Important  facts  and  principles  have  been  sedulotiHly 
ftbeled  with  misleading  titles,  like  ;  Wnter  of  crygtaiUiation,  which  hna  no  nim'y  lo 
do  with  crystallization  than  with  color,  density,  or  a«y  oilier  phy«iciil  pruiHTty  ; 
snpersaturated  solation,  which,  as  a  snliition,  Is  the  same  as  any  nttier  ;  mass  no- 
tion, which  has  nothing  to  do  with  mass,  but  is  concerned  wlmlly  vviib  coiicentrn- 
tion ;  strong  acid,  which  refers  to  activity  and  not  power  of  rcHtstitiici^ ;  reclpriM'nl 
proportinns,  a  law  in  which  redpincals  of  niunbers  y)lay  no  [Kiit ;  duwiiwiirtl  di«- 
placeuenl  of  air.  wht'ii  the  air  is  rlisplaced  upwards,  and  su  furtti.     Hero  tiivr« 
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Is  an  opporttmity  to  confuse  hydrolyaiB  with  electrolytic  dissociation,  aixl  the  be- 
giunar  never  fails  to  embrace  it.  Hydrolytlo  double  decotiipoHiiioii  would  have 
been  a  correct  if  somewlial  cluiusy  term, 

^^__^  Often,  when  a  steady  stream  of  hydrogen  chloride  is  required,  con- 
^^^HKutvated  hydrochloric  acid  is  place4  in  a.  generating  flask,  and  conoen- 
P  trated   sulphuric  afiid  is    allowed  to  trickle  inljo  it  from  a  dro]>pii)g 

I  fuTineL     The  hydrogen    cldoride  is  less  soluble  in  diluted  sulphuric 

I  acid  than  in  water  (see  Product  of  solubility)  and  escapes, 

t  whit 

I 


Phynienl  Pfopeftles.  —  Hydrogen    chloride   is   a  colorless   ^I8, 
which  produces  &  suffocating  effect  when  breathed. 


Density  (H  -  1),  18.23 

Weight  of  1  1.,  1.641  g. 

Solubility  ill  Aq.  (O'j,  60,300  vols,  in  100 


Crit.  temp.,  +  62° 
Boiling-poiDt  (liq.),  -  8.5.7" 
Melting-poiDt  (boM),  —  110' 


The  gas  is  one-fourth  hea-vier  than  air.  On  account  of  its  great 
solubility  and  the  small  vapor  tension  of  its  solution,  it  condenses  at- 
nioapheric  moisture  into  a  fog  of  <lrops  of  hy<]rochloric  acid.  On 
account  of  its  high  critical  point,  it  may  be  liquefied  by  pressm-e  alone. 
Both  in  the  gaseous  and  liquefied  states  it  is  a  nonconductor  of  elec- 
tricity.    Its  heat  of  solution  (p.  164)  is  17,400  calories. 

On  account  of  its  high  concentration,  the  solution  may  be  looked 
upon  as  a  mixture  of  liquefied  hydrogen  chloride  and  water.  At  15" 
and  "fiO  mm.  454,6  volumes  of  the  gas  dissolve  in  1  volume  of  water, 
or  74(>  g,  in  1  1.  The  mixture  weighs  therefore  1746  g,  (42.7  per 
cent  of  IICl).  Its  sp,  gr.  is  1,215.  The  volume  of  the  solution  ia 
given  by  the  proportion  1215  :  1  :  :  174(>  :  x,  in  which  w  =  1.437  1. 
Hence  the.  addition  of  454.6  liters  of  the  gas  has  increased  the  volume 
by  only  437  c.c.  Now  at  15°  the  sp.  gr.  of  liquefied  hydrogen  chlo- 
ride is  0.8320,  and  the  volume  of  746  g.  is  therefore  746  -i-  0.832  = 
R96  C.c.  So  that  even  if  the  substances  had  been  mixed  in  liquid 
form  a  considerable  slirinkage  would  still  have  ocouiTed. 

When  the  concentrated  aiiucfius  solution  is  heated,  it  is  the  gas  and 
not  the  water  which  is  driven  out  for  the  most  part.  When  the  con- 
centration hits  licen  i-educed  to  20.2  per  cent  the  rest  of  the  mixture 
distils  unchanged  at  110".  If  a  dilute  solution  is  used,  water  is  the 
chief  product  of  distilLition  (alwut  IOC),  but  gradually  the  boiling- 
point  rises,  and,  when  the  concentration  has  reached  20,2  per  cent  once 
more,  the  same  hyflrochloric  a<*id  of  conBtant  boillng-polnt,  as  it  is 
called,  forms  the  residue.     It  is  thus  impossible  to  separate  by  distil- 
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lation  the  components  of  mixturas  which  behave  in  this  vay.  Tliia 
must  necessarily  he  the  case  whenever,  as  here,  the  vapor  tensions  of 
the  comportents  separately  and  those  of  all  other  mixtures  are  higher 
than  that  of  one  particular  uiixtuie.  IrVheu,  as  is  more  ot'teu  the  ease, 
one  of  the  compoiient3  has  a  vapor  tension  wliiuh  is  lower  than  that  of 
the  other  and  lower  than  tliat  of  any  mixture  of  the  two,  tliis  compo- 
nent will  tend  to  remain  liehind,  and  separation  can  be  efferted.  The 
separation  of  petroleum  products  (ij.tj.)  from  one  another  illustrates  the 
oommon  ease  (see  under  Alcohol  for  the  third  possibility). 

The  composition  of  the  mixture  liaving  the  minimum  vapor  tension 
varies  with  the  external  pressure,  and  so  does  the  boiling-point.  At  300 
mm.  the  constant  boding  hfjuld  contains  21.8  per  cent  of  liydrogcn  cldo- 
ride  and  boils  at  84° ;  at  1520  mm.  it  contains  19.1  per  cent  of  the  gas. 

The  eonimon  belief  that  liydrochloric  (leiil  of  constant  boiling-point  is  a  definite 
oorapoimd  is  without  fotindaliou.  Compomidtt  do  not  vary  in  cniu]i<«itiMn  with 
cliangea  in  pressure  in  tliis  manner.  Aqueous  sol iitiouK  of  hydrogen  loiiide,  bytlro- 
fen  bromide,  and  nitric  acid  beliave  in  the  sauie  way.  But  Bolntions  of  uxygun,  of 
uuwoiiia,  and  of  majiy  liquida  (e.g.  alcoliol)  in  water  belong  to  the  second  nf  tlie 
two  clasps  mentioned  above,  and  tiie  more  volatile  component  otCea  leave;!  the 
w&ter  entirely  before  mucli  ol  Uie  latter  haa  evaporated. 

Cheintcal  Propet'tien, — Thia  compound  is  extremely  stable,  as 
we  might  expect  from  the  vigor  with  which  the  elements  of  which  it  ia 
composed  combine.  On  bpiug  heated  to  a  temperature  of  1800°  it  be- 
gins, however,  to  dissociate  into  its  constituents. 

In  the  chemical  point  of  view,  it  is  on  the  whole  rather  an  indif- 
ferent substance.  When  water  is  saturated  with  the  \iwA  at  —  22'^  a 
hydrate  (HCl,  2HjO)  ciystallizes  out.  This  decomposes  into  the  same 
lionstituents  when  allowed  to  warm  up  again  to  —  18°,  Hydrogen 
chloride  (the  gas)  has  no  action  upon  any  of  the  non-metals,  such  aa 
plujsphorus,  carbon,  sulphur,  etc.  Many  of  the  nietala,  however,  par- 
tii'ularty  the  more  active  ones,  such  as  potassium,  sodium,  and  mag- 
nesium, deoompoae  it  Hydrogen  is  set  free,  and  the  chloride  of 
the  metal  ia  formed  (K  +  HCl  ^  KHl  -f-  H).  Hydropren  chloride 
unites  directly  with  ammonia  gaa  to  form  solid  ammonium  chloride 
(HCl  +  NH,  — T  NH4CI).     The  liquefied  gas  has  the  same  projjerties, 

CotnpoHttioii.  —  The  proportion  of  hydrogen  to  clilorine  by  weight 
in  this  compound  is  1  :  3/i.l8.  Taking  the  atomic  weight  of  hydrogen 
1.008,  so  as  to  harmonize  thiit  of  chlorine  with  0  =  10,  the  ratio 
becomes  LOOS :  35.45. 
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The  proportion  by  volume  in  wMch  the  constituents  unite,  and 
the  relation  of  this  to  the  volume  of  the  resulting  hydrogen  uhloride, 
may  easily  be  sho-wTi  in  several  ways.  The  decomposition  of  the  boIu- 
tioa  of  hydrogen  chloride  in  water  by  means  of  the  electric  current 
proves  that  the  gases  are  libeiuted  in  eq\ui[  volumes. 

Tbe  apparatus  in  Fig.  31  (p.  M)  cannot  be  used  to  sliow  this,  because,  under 
the  increaBUip  presssire  due  to  the  displacement  of  the  liquid  into  the  higher  bulb, 
the  chlorine  htvovam  more  and  more  Biihible,  and  its  volume  therefore  falls  pro- 
greaaively  more  aud  wore  below  wbut  it  abouW  be. 

A   flpecial  form  of  apparatus  (Fig.  67)  was   devised   by  Lothar 
Meyer  to  demonati-ate  the  volumetric  proportion.     Tbe  central  pai-t  is 

the  same  as  in  Fig.  81, 
but  the  gases  go  to 
i-iglit  and  left,  and  dis- 
pUice  tbe  liquid  in  two 
inverted  tubes.  The 
equal  rate  at  which 
this  takes  place  on 
both  sides  proves  that 
the  gases  are  generated 
in  equal  volumes. 

In  order  to  ascer- 
tain the  relation  be- 
tween the  volnmea  of 
the  Wilis tituents  and 
that  of  the  product,  we 
may  unite  the  gases 
and  find  out  whether 
any  chajige  in  volume  ocenra.  A  tube  with  thick  walk  (Fig.  68 J 
is  tilled  with  the  mixed  gases  obtained  by  electrolysis.  By  dipping 
one  end  of  tlie  tube  under  mercury  and  opening  the  lower  Btojj- 
cock,  it  is  seen  that  no  gan  leaves  and  no  mercury  enters.  After 
the  mixture  has  been  exploded,  by  the  light  iiom  burning  magnesium, 
the  same  test  is  repeated  with  the  same  result.  The  pressure  baa 
therefore  remained  equal  to  that  of  tbe  atmosphere.  Hence  there  has 
been  no  change  in  volume  as  the  result  of  the  union.  It  appears 
therefore,  that : 

1  vol.  hydrogen  +  1  vol.  chlorine  — » 2  vols,  hydrogen  chloride, 
#  result  in  harmouy  with  Gay-Lussac's  law  (p.  125). 


CHixauiB 


CBLtHOnK 


l^iS 


'  oonq4nlel; 
LakliKide,  iaDodnoe  inw  it  ^okklr 


Uwgl 


.  h^^omijEm 


fnt  l^p^v^ieft.  Hid  It  is 
«•  M  to  ffl  aMeJaK  «C  tt*  lajta.     SteM  fe<aai  ihte 
l««  IcMD  itettiie  IrfdrasoB  voaqsi*  half  ite^awof  Cke 
I  (Uaride,  md  froB  fte  ]^ 
I  tt  liydtttgea  w«qsal  w  Att  «(  tkin 

i  *    *-         -» *    -  * 

Chlortdem,  —  Tlie  dikrid«s  u«  desoibed  individually 
unler  the  utber  ekiaeat  wlui-h  each  cootaiDa.  F(>r  tht>  pr(<«- 
■  eat  we  simplj  add  to  tbe  statement  on  p.  170  that  the 
Bttjorit}'  of  tbe  cldogrides  whioL  do  oot  interact  with  wator 
(p.  181>,  that  is  to  say  of  the  chlorides  of  the  nwtals,  an> 
easily  soluble  in  water.  The  only  exoopti^ns  aiv  silvt'r 
chloride  (Agil).  mercurous  chloride  <«Uott;el,  llg^^U,  oujmmss 
chloride  (ruCl),  auroiLS  chloride  (one  of  the  i-hlorides  of  pild, 
AuCl).  thallotis  chloride  (TlCl),  aiid  oniimiry  h-jul  chhtride 
(FWJlt),  The  last  of  these  is  on  the  bonier  line  as  n^pmls 
solul»ility.  An  appreciable  amount  dissolves  in  oold  wal«>r,  autl  a  «in« 
siderable  amount  in  lx)iling  water. 

Chfitnlenl  Propertien  of  Hyilrof/tloHr  Arlit,  — The  sohittoii  of 
hydrogen  chloride  in  water  is  an  entirely  different  Nulnttiinen  in  it« 
cheniiwil  liehavior  from  hydrogen  tliloride.  Il  is  Mtruiiifly  arid,  turn- 
ing lititiua  red.  The  gas  and  liquetied  jjiks  have  no  utich  |inp)n'ity. 
The  solution  conducts  electricity,  as  we  have  seen,  very  well,  and  ii 
decomposed  in  the  process  (cf.  p.  194) 
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Many  metals,  when  introduced  into  hydrocMoric  acid,  displace  the 
hydrogen  (p.  95),  and  form  the  chloride  of  tlie  metal.  In  the  case  of 
zuic  the  action  was  repi-esentcd  by  the  equation ; 

Zn  +  2HC1  -^  ZnCI,  +  2IL 

The  liquefied  gas  has  uo  aotioD  upon  zinc,  and  eren  its  solution  iu 
many  solvents  shows  little  activity.  The  solution  in  alcohol  behaves 
like  tluit  in  water.  But  the  solutions  in  toluene,  benzene,  and  other 
compounds  of  carbon  and  hydrogen,  in  many  of  which  the  gaa  is 
freely  soluble,  are  hardly  affected  by  the  jiresenee  of  zinc  and  other 
metals.  These,  and  many  other  facts  which  we  shall  notice  later 
(see  Dissociation  in  solution),  show  that  the  condition  of  this  sub- 
Btanre  in  aqueous  solution  is  peculiar. 

The  aqueous  solution  of  hydrogen  chloride  interacts  rapidly  witb 
most  oxid,e8  and  hydroxides,  as,  for  example,  those  of  zinc ; 


4 


ZnO  +  2H01  -^  ZnCl,  +  H,0, 
Zn^OH),  +  2H01  ^  ZnCl,  +  2H,0. 


i 


Here  no  free  hydrogen  is  obtained,  since  the  oxygen  in  the  oxide,  and 
the  bydroxyl  in  the  hydroxide,  unite  with  it  to  form  water.  In  each 
case,  however,  the  eliloride  of  the  metal  is  obtained.  It  may  be  noted 
in  passing  that  all  acida  Ixdiave  in  a  similar  manner  towards  oxides 
and  hydroxides,  giving  water  and  a  compound  corresponding  to  the 
chloride  {'•/.  ji.  171).    Dilute  sulphuric  acid,  for  example,  gi^'ea  sulphates. 

In  the  two  preceding  paragraphs,  tliree  kinds  of  actions,  each  con 
stituting  a  different  way  of  obtainitig  chlorides,  have  lieen  mentioned 
incidentally.  There  are  two  others  ivhich  we  have  already  en^ 
countered.  The  simplest  is  the  direct  union  of  the  element  witbi 
chlorine  (Zn  +  2Vl  — •  ZnCL).  The  other  method  is  illustrated  in  thi 
case  of  the  precipitation  of  silver  chloride  (p.  13).  Here  the  form: 
tion  of  the  chloride  occuiTed  by  exchange  of  another  radical  for 
chlorine  (AgNt),  +  NaCl  -,  AgCl  |  +  :SaSO,).  The  insoluble  chlo- 
rides ( p,  185)  can  be  made  conveniently  by  this  jilan.  The  formation 
of  the  ])recipitates,  for  example  that  of  silver  chloride,  is  used  as  & 
test  for  the  presence  of  a  soluiile  chloride  in  the  solution. 

The  solution  of  hydrogen  ('hloride  in  water  sold  in  commerce  is 
known  by  the  name  of  muriatic  tvrid  (Lat.  miiria,  brine).  It  is  a 
j'eUow  li<}uid  which  contains  a  nuinlwr  of  impurities.  The  most  com- 
mon are  ferric  chloride,  which  is  responsible  for  part  of  the  yellow 
tint,  some  yellow  organic  coloidng  material,  arsenious  chloride^  and 
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free  chlorine.  The  acid  frequently  gives  a  residue  when  evaporated, 
and  this  must  of  course  represent  some  impurity.  It  is  sometimes 
ajlulteratert  with  calcium  chloride,  since  the  price  obtained  dependa 
ujrtja  the  apecitiu  gravity  of  the  solution,  and  this  may  be  raised  by 
dissolving  calcium  chloride  in  it. 
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Classification  of  ChemletU  Interactionit  and  Exercitet 
Thereon.  —  So  far  we  have  defined  ten  more  or  less  distinct  kinds 
of  chemical  change :  Comblnatloii  (p.  14),  decompoaltion  (p.  15), 
dlssooiation  (p.  121),  displacement  (ji.  99),  aubstitution  (p.  170), 
doable  decomposition  (p.  99),  hydrolyslB  (p.  181),  oxidation  (pp. 
72,  110,  172),  reduction  (pp.  72,  110),  and  eleotroly»l»  (p.  19).  In  one 
or  two  of  the^e  classes  all  the  actions  an?  reversible,  in  others  some  are 
reversible  and  some  are  not.  Illustrations  of  every  one  of  these  will  Im 
found  in  the  present  chapter.  The  classes  are  not  mutually  exclusive. 
Some  actions  belong  to  one  class  or  another  according  to  our  point  of 
view  at  the  moment.  The  ability  readily  to  classify  each  phe- 
nomenon, as  it  comes  up,  requires  precisely  that  grasp  of  the  frame- 

■k  of  the  science  which  the  reader  must  seek  speedily  to  attain. 
Tor  example,  let  him  classify  the  follo^s'ing  actions :  1,  Action  of 
heat  on  chloroplatinie  acid ;  2,  of  potassium  on  water ;  3.  of  heat  on 
potassium  chlorate ;  4.  of  chlorine  on  metals  5  6.  of  chlorine  on  tur- 
pentine ;  6.  of  chlorine  on  potassium  iodide ;  7.  of  chlorine  on 
methane;  8.  of  carbon  monoxide  and  chlorine;  9.  of  sunlight  on 
hypochlorous  acid;  10.  of  sulphuric  acid  on  salt;  11,  of  zinc  oxida 
and  hydrochloric  acid ;  13.  of  zinc  on  hydrochloric  acid, 

13.  Expand  the  cxjilanation  of  the  tendency  of  hydrogen  chloride 
to  fume  in  moist  air  (p,  182). 

14  Exjilaiu  the  interaction  of  steam  and  iron  (p.  110)  on  mechanical 
principles  similar  to  those  used  in  describing  how  hydrogen  chlo- 
ride ia  formed  from  salt  and  sulphuric  acid  (p.  179), 

15.  What  is  the  maximum  that  the  temperature  of  the  action  (p.  172) 
of  hydrochloric  acid  on  potassium  permanganate  may  attain  ?  Why 
is  this  interaction  so  much  more  vigorous  than  that  where  manganese 
dioxide  is  used  (p.  173)  ? 

IR.  In  view  of  the  explanations  given,  can  you  define  the  general 
nature  of  the  "  other  substances  "  (p.  172)  which  may  he  used  to  oxi- 
dize hydrochloric  acid  ? 
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Summary  of  Peinciples. 

It  may  be  useful  at  tliis  point  partially  to  Nuintiiiirizo  the  principles  (general 
facta)  of  chemistiy  bu  far  as  lliey  have  buen  developed  in  tlie  preceding  chapters. 
These  principles  are  given  under  fourteen  heads  below.  Tliey  arts  staled  as  (ar 
ELS  possible  lilrioily  iu  terms  of  facts,  siuce  hypotlie^es  oi'o  not  integral  parts  of 
chemistry,  but  are  Kcsifloldijig  temporarily  emplujed  to  faciliiaie  the  erection  of 
the  structure  of  the  science.  In  a  Liter  chapter  (Chap,  xv),  some  other  impor- 
taut  priuciples  wOl  be  summarized  in  like  manner.  To  secure  more  strictly  logical 
arraagemeni.  than  has  seemed  advisable  in  the  text,  two  conceptions  vrhieb  have 
already  been  dealt  with  are  held  over  to  tho  second  half  of  the  Bummary,  namely, 
17  (valence)  ajui  Ul  (chemical  relations  of  elements).  The  reader  should  give  care- 
ful thought  to  the  viiriou.s  points,  many  of  which,  in  a  backward  view,  will  be  found 
to  have  become  susceptible  of  improved  statement.  We  begin  the  series  witli  the 
most  fundamental  fact  of  all,  —  the  one  without  which  no  chemical  work  would  be 
pOB^ible  : 

1.  Each  substance  has  its  own  set  of  specific  physical  propeities.  ^  meana 
of  these  it  is  rcco.5nized  and,  when  necessary,  scpamted  frocii  other  substancea  (p.  5). 

2.  Substances  are  either  simple  (eleroentiiry),  containing  only  one  kind  of 
matter,  or  conipoum),  containing  niore  than  one  kind  of  matter  (p.  .10). 

3.  In  all  chetnical  phenomena  (excepting  "  interual  rearrangements  "),  changes 
in  the  material  composition  of  bodies  occiu-  (p.  1(1). 

4.  In  chemical  phenomena  there  is  no  change  in  the  total  mass  of  the  ayslem 
(p.  17). 

G.    Each  snbBtance  ha.'j  a  definite  m.iterial  composilion  by  weight  (p.  41). 

6.  The  proportions  by  weight  in  which  all  cheniioid  ctimbinations  take  place 
can  be  expressetl  in  terms  of  small  inteRral  multiples  of  fixed  numbers,  which  may 
be  called  combining  weights,  one  for  each  element.  That  weight  of  each  element 
which  combines  with  8  parts  ot  oxygen  is  called  the  et]uivalent  weight  and  has  the 
properties  of  a  conihtuiug  weight  (pp.  48,  60). 

7.  The  proportions  by  volume  in  which  all  chemical  interactiona  involring 
sulwtances  in  the  gaseous  condition  take  place  are  expressible  by  small  integen 
(p.  l-iS). 

8.  From  0  and  7  it  follows  that  the  equivalent  weights  of  all  substances  occupy, 
in  the  gaseous  condition  and  at  the  same  temperature  and  pressure,  volumei;  which 
are  either  e<]aal  or  stand  to  one  another  in  the  ratio  of  small  Integers  (p.  12S). 

9.  In  every  chemical  phenomenon  a  tran.sformation  of  energy  occurs.  This 
results  in  a  redistribution  of  the  chemical  energy  in  the  substances  concerned,  and 
also  in  an  increase  or  a  decrease  in  the  total  chemical  ener^  In  the  system  (p.  26). 

l>EFisiTioMs  :  The  word  gubMtawe  is  applied  to  a  compound  of  one  or  mora 
kinds  of  elementary  matter  with  a  certJiin  proportion  of  chemical  energy  (p,  S2). 
The  word  diemeni  is  applied  to  a  variety  of  simple  matter  which  exists  only  in  com- 
bination  with  energj',  and  often  with  other  kinds  ot  elementary  matter  as 
well  (p.  31). 

10.  In  chemical  phenomena  there  is  no  actual  loss  or  gain,  but  only  transfer- 
ination  of  energy  fp.  23). 

11.  Interactions  which  proceed  spontaneously  are  in  general  those  in  which 
internal  energy  is  trausforcned  into  some  other  variety  or  varieties  of  energy 
(p.  27). 
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12.    Each  autetanee  has  its  own  set  of  chemical  properties,  such  as : 

(a)  Affinity:  the  given  substance  can  or  can  not  interact  with  such  and  such 
elementary  and  compound  substances. 

(b)  Relative  activity  of  the  systems  in  (a).  This  is  measured  quantitatively 
by:  (a)  Relative  speed  under  like  conditions  (see  13,  14,  18);  (fl)  Relative  heat 
developed,  when  actions  compared  can  be  carried  out  so  that  all  conditions  are 
alike ;  (y)  Relative  E.M.F.  of  cell  when  the  action  is  so  arranged  as  to  give 
electricity  (pp.  28,  76,  111). 

18.  The  speed  of  every  interaction  is  increased  by  raising  the  temperature  (p.  72). 
14.   The  speed  of   interactions  is  increased  or  decreased  by  catalytic  agents, 
each  of  which  is  individual  in  tlie  kind  and  amount  of  its  efiect  (p,  74). 
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MOLUCULAR  WEIGHTS   AKD   ATOMIC   WEIGHTS 


AvooADEo'a  hyiiothesis  (p.  131)  lias  proved  to  be  by  far  the  most 
suggestive  aud  fnutl'ul  of  aU  the  conceptions  of  a  hypothetical  nature 
in  the  science  of  chemistry.  We  arc  now  in  a  position  to  disiaiss 
several  of  its  most  important  applications.  To  speak  in  terms  of  tbe 
hypothesis,  these  concern  moits  particularly  the  measurement  of  the 
relative  weights  of  tbe  molecules  of  different  gaseous  substances,  and 
the  determination  of  the  most  convtmient  magnitudes  for  the  chemical 
unit  weights  (atomic  weights  ;  (/.  p.  50). 

Meaning  of  Afogadro*»  Hf/potheais. —  First,  we  must  under- 
stand clearly  what  is  impbed  in  the  statement  that :  In  equal  volumes  of 
all  gases,  at  tbe  same  tf  mperature  aud  pressure,  there  are  equal  numtera 
of  molecules.  It  means  that,  for  instance,  at  100°  and  760  mm.,  in  aU. 
Sfiecimens  of  gases  the  average  spacing  of  the  molecules  is  identical. 
This  condition  is  indejwndeut  of  tbe  nature  of  tbe  gas  —  for  example, 
whether  it  is  a  simple  or  a  com|xmnd  substance,  like  oxygen  and  carbon 
dioxide  respectively,  ov  a  mixture,  like  au-.  It  means  that  when,  at 
some  fixed  temi'cratm'e,  we  lili  the  same  vessel  with  a  number  of 
different  gases  or  gaseous  mixtures  successively,  the  number  of  mole- 
cules that  it  will  hold  at  a  pressure,  say,  of  one  atmosphere  will 
always  be  the  same.  If  we  take  care  to  keep  temperature  aud  pressure 
the  same,  the  eriuality  in  the  number  of  molecules  that  will  enter 
the  jar  will  take  care  of  itself  automatically.  In  wliat  follows,  t^ 
avoid  continual  repetition,  it  is  to  Iw  assumed  that  temperatures  and 
pressures  are  equal  unless  the  contrary  is  expressly  stated.* 

This  statement  would  be  strkUy  triie  only  iu  the  case  of  gnsies,  If  audi  eiisted, 
which  bebaved  in  UJeal  accord  with  the  lawa  of  Boyle  and  Charles.  Since,  bow- 
ever,  in  all  gases,  with  the  eitjeption  ot  bydroi^n,  a  certain  tendeucy  to  cohesion 
between  molecules  is  disi-inctiy  tiotiecable  and  itfi  atnount  varies  from  gaa  to  gas,  the 
density  with  which  the  molecules  are  packed  is  not  precia^y  the  Bania  in  any  two 
ol  them.     Hence,  Avogadro'a   hypothesis  it,  not  perfectly  realized  in  any  known 

*  At  the  Urst  reiuling,  the  beginner  in  advised  to  omit  tbe  paragraphs  set  in 
smaller  type,  excepting  that  on  pp,  194,  1%. 
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In  Che  case  of  bydrogeo,  for  example,  a,  divergence  from  the  behavior  of  an 
ideal  gas  exkta,  but  is  barely  meafurable,  aiid  in  tlie  case  of  cUorine,  it  amounts  to 
about  1 1  per  cent,  and  is  quite  couspiciioiis.  This  slight  irregularity  in  the  pack- 
ing of  Ibe  molecules,  however,  does  uot  interfere  with  the  application  of  this 
bjpotbeaid  in  chemistry. 

Two  Klndu  of  Laws  in  Science.  — It.  will  have  been  observed  that  the 
laws  of  scieiiee  may  Ix)  divided  into  two  kinds.  Some,  like  those  o£  conservation 
of  mais  and  of  deGoite  proportions,  express  the  facta  with  perfect  exautuese.  The 
divergeoca  between  our  experimental  data  and  these  laws  we  find  to  become 
siii^lSer  and  &m:dler  the  tuore  carefully  our  experiments  are  made,  TbedifTetence 
between  our  best  deternii  nations  and  the  ideal  described  by  the  law,  is  tdways  less 
than  tlie  known  errors  of  observntioii.  There  is,  bowcver,  a  second  cliws  of  lawa 
In  which  tlie  o[)positu  is  the  case.  The  more  carefully  our  measurements  are  made, 
the  more  clearly  Is  it  recognized  that  the  second  kind  of  law  does  not  state  the 
fact  with  exactness  for  any  single  example.  The  known  errors  of  measurement 
are  in  ttii'^e  cams  less  than  tlie  discrepancy  between  the  observed  fact  and  the  ideal. 
The  laws  of  Bnyle,  of  Charles,  and  of  Gay-Lu^ac  are  examples  of  this  class. 
The  value  of  suuh  laws  is  not  imp.ureil  by  the  fact  that  actual  aubeiauces  are  in  no 
ease  accurately  described  by  them.  The  law  gives  us  a  norm  of  behavior  to  which 
most  of  the  Niibstatices  conform  with  a  fair  degree  of  closeness.  Such  a  law 
resembles  a  limit  in  matbeinnticH,  toward  which  some  expression  tends  to  converge 
altbouijh  it  dt.ies  not  actually  reuch  it.  The  lirst  kind  of  law  represents  the  actual 
behavior  of  materials,  the  second  kind  of  law  an  average  behavior  to  which  no  one 
material  iidheres  with  perfect  exactness. 

Xow  Avogadro's  hypoUiesis  describes  i«  figurative  terms  some  general  fact 
about  giises  whose  exact  nature  in  unknown.  Using  the  molecuUr  hypothesis,  we 
•tate  that  this  fnct  hsm  to  do  with  tlie  uniform  packing  of  the  molecules  in  all 
gases.  But,  whatever  it  is,  no  real  gases  conform  to  It  with  jierfect  strictness. 
Avogadro's  hypothesis  is  allied  therefore  to  the  second  class  of  laws,  to  some 
of  which  Indeed  it  owes  its  origin,  . 

The  Kelatire  Welffhtii  of  the  Molefule/i.^ AccoiAing  to  Avoga- 
dro's hyiii'thi'sis,  veasfls  nf  fqual  size  tilkHl  with  difTeTeiit  gnses  contain 
equal  nuinl>er.s  of  giiiieons  molpful«3.  Now  equal  volumes  of  diflferent 
gases  differ  very  markedly  in  weight,  or,  in  other  words,  the  densitie.s 
of  variou.s  known  gases  cover  a,  ■wide  range  of  vuhies.  Thus,  hydrogen 
ia  the  lightest  of  all,  chlorine  is  nior-e  thjm  thirty-ii\'e  tunes,  niereuric 
chloride  (corrosive  sublimate)  vapor  over  one  hundred  and  thirty-four 
times  as  heavy.  Sinei?  thvmi  different  weights  of  equal  volumes  repre- 
sent the  weights  of  equal  niunbers  of  molenules,  the  difference  must  be 
due  to  the  differing  weights  of  the  moleeules  thenuselves.  The  deaal- 
tiee  of  Eases,  therefore,  may  be  taken  »»  meaanxes  of  the  relatlTa 
freights  of  their  individual  molecules.  The  extreme  siguitieance  of 
this  infereuee  in  chemistry  will  aiijieai'  as  we  elaborate  ujion  it. 
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The  various  scales  on  whk-h  the  densities  of  gases  may  be  calcu- 
lated, such  as  the  weiglits  of  one  liter  of  eueh  gas,  or  the  weights  of 
volumes  equal  to  that  of  one  gram  of  air,  or  of  one  grain  of  hydrogen, 
are  illustrated  in  the  Erst  three  oolujmis  of  the  following  table :  • 
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l-itlli> 

1.520 

21.83 

44.00 

C  +  2xO=CO, 

Waiei'    .... 

11.8045 

O.fl-22 

8.(14 

18  016 

2v;H  +  0=lL0 

Mort'iiry      .     .     . 

8  5*32 

(i  iK>8 

00.25 

aito.o 

Uk 

Mercuric  diloride, 

la.(W7 

8,;fG+ 

IS4AS 

270.  ItO 

Hi{  +  2xCI  =  HgCl, 

Air 

1.2il3 

1.00 

14.;17 

28.B&5 

[Mixtiirt!] 

The  values  for  water  (b.-p.  100°),  mercury  (b.-p.  367"),  and  mer- 
curic chloride  (b.-p.  300°)  are  measured  at  high  tumjieratures  and  re- 
duced by  rule  (p.  01)  to  0°  and  TOO  mm.  All  the  numbers  in  tlie  first 
three  columns,  as  tliey  stand,  tue  purely  physical  in  derivation.  Those 
in  the  second  column  are  obtained  from  those  in  the  first  hy  using  the 
proportion  ; 

1.293  (wt.  1 1.  air) :  1.00  (air  =  1) : :  wt.  of  1 1,  any  gas ;  ar  (dens,  of  that  gas). 

To  get  those  in  the  third  column  we  employ  the  proportion  r 

0.01)0  (wt  1 1.  hyd,):  1.00 (byd.  =  1) ::  wt.  of  1 1.  any  gas  :a;(dens.  of  that  gas). 

The  last  two  eolujnns  will  be  explained  presently.  Since  the  num- 
bers in  the  first  column  ai)ply  to  equal  volumes  (1  1,),  and  those  in  the 
other  two  stand  in  constant  i-atios  to  them,  the  weights  in  each  of  these 
two  columns  represent  equal  volumes  also.  In  the  second,  the  volume 
is  j~  L,  and  in  the  third,  A  1.  The  values  in  any  one  of  the 
columns  represent  the  relative  weights  of  the  molecules  of  the  various 
substances  (see  Exercise  1  in  this  chapter). 

•  To  ipeak  Btriotly.  the  density  of  a  gas  is  the  weight  of  1  c.c.  ttt  0°  and  760  mm. 
Ita  value  for  each  pas  is,  therefore,  obfained  by  dividing  the  numbers  in  the  first 
cdiiiiin  by  1000.  ThPiiiimliers  thus  obtained  are,  however,  ineiinveniently  suiatl, 
and,  besides,  ihebejrimier  iiKUHlly  measures  theweicht  of  aUt«r  of  several  gasea  in 
the  Iftburatory,  lutd  so  Is  luore  aceuslotned  to  the  unit  employed  above. 
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li^— ^llw>i>Mrf  gwGurof  ^B  in  the  akM*  nMi  MM,  irilli  the 
«f  tktf  «C  «z;rgni,  aD  ideal  nnMben.  Tlwj  •!«  nfcwlMHil  taek  titMB 
neiwoUr  weigiiu  >Mik  np  Iroca  titf  alomie  weaghta.  IMc  eaaHm  O*  to  «1MW  IIm 
pnwewb;^  wtk*  th«  iMlecvte  tMigkuanaierirad  frooi  tk«tTCMlhftta(  mm  Ultr 
witbMft  Um  exhibcUaa  of  ariUaMtial  dlw-wyrfce  wkkli  aicht  oima*  Um 
priadpl*  beins  expLaiaed.  Tte  wi  iglMi  of  on*  HUr  of  tke  Tuioai  gUM,  as  wo 
haem  giveKthMa,  ara  haaed  em  the  ■wiiiiiiliiw  Ifcat  Um  Boleciilee  an  alw*;* 
{pMeked  uiiBmfy  la  aaeoRlaBoe  witk  Aragidro'a  hyiiotiMaia.  Tlw  actaal  valoM 
■t«  in  meat  cbbs  eoiaewhat  dilhtvBi  fro»  Umm,  and  we  auribate  Ike  dlnigwuhe 
to  tlie  Taijiqg  degren  of  ooberion  betweeu  tii«  uolwutca  ol  diffemnt  «nhslanoRs. 
Even  the  mightaf  one  Uler  of  Ibe  same  gas,  after  RducUon  to  0°  and  T60  tnu., 
b  fonnd  bo  varf  with  the  temperature  and  presjniTe  at  whicli  il  «»>  i-xamiiinl. 
Thia  is  bat  DatuntI,  liuoa  changes  in  these  oondiUvins  alter  (ha  cITpcu  of  colicoion. 
Tbe  following  table  girea  the  metMOi  WMgbta  of  one  liter  ot  thn  sjuii«  |;««i.<ii,  with  a 
few  adiiitijiial  ones,  sad  a  cumparisoa  will  show  the  extant  of  the  i1iv<<rsw>cl«s. 
Tbe  tudct  intereaUng  case  perhitps  is  that  of  oxygen  and  hydRigen.  Tlvo  rhpuiical 
combinlag  weigfatt  of  these  sabataaccs  are  in  the  ratio  of  15,t$S :  1  M>,  while  a 
■tight  eKseas  of  cobeaioii  in  oxygen  givea  the  ratio  of  their  <len«itii»  (he  raluo 
15.00  : 1.00.    These  nanibers  are  iu  both  cases  based  upon  Morli^'s  resuita. 


WaioiiT 

Oo- 

V 

o»  OSB 

DaXBTT, 

Octarrr. 
Utd.  =  1. 

»KIIV  Ef> 

Adjfkikii 

rxiTu 

^^ 

LtTKB. 

MOCETC- 

M^LScrL-tn 

Coarosivii  ms 

(^jkiiDTea 

hAM 

W£1«BT. 

MOtJMCU^ 

■ 

XM. 

WaiOHT. 

Hfdro^en    . 

0.0««7 

OOfiO.-; 

1.00 

2Mi 

anirt 

3xH-H, 

Oxygen  .     . 

1.-12',) 

I  1(>.^ 

l.tH) 

33.00 

aioo 

2^0-O, 

3!itro»,fn.     . 

l.i.il 

(H.»t)7 

i:i'.»-2 

28  fHl 

38  »» 

axN-N, 
2xCI-d, 

Chlorine .     . 

Z.2-M 

iAVO 

3d.H3 

72.01 

70.90 

Hydroi-eii 

chloriile    . 

l.&ll 

1.2(10 

18.28 

36.69 

30.468 

H  +  Cl-HCl 

Carbon 

dioxide     . 

1,5>77 

1.520 

22.00 

44.22 

44.00 

c+axo-co. 

Hydrogen 

sulphide  . 

1.5.17 

1.180 

17.10 

31.43 

34,070 

2xn+R-»JS 

Ammonia    . 

0.772 

0.5tf7 

8.69 

17.20 

17.004 

Sulphvir 

dioxide     . 

2, 027 

2.264 

32.57 

85.55 

04.00 

8 +  2x0 —so, 
2xH+0-H,O 

Water     .     . 

0  9l«5 

«>.(!-23 

8.05 

18010 

18.016 

Mercury .     . 

SKI 

(18(1 

08.70 

1118.4 

200,1) 

H«. 

Air    .    .     . 

1.203 

1.00 

14.3S* 

28,0.V> 

[Mixture] 

[Mixture] 
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The  lit'lfttlan  between  the  ft'eif/hts  of  Moteenten  titnl  the 
Com(»ininf/  U'eiyhtH  :  Atoms. — Wlnrii  wh  now  scnitiiiiw  Ihesc  num- 
bers (I).  192)  in  the  eheiuical  pnintof  view  jui  «iivx]m.h'U'iI  i!mii]ilii:jitiijn 
is  disdospd.  U.siiij,'  tin;  v.aluesinatiy  of  tin'  coliiimiH,  wrnlwcrvo  that  a 
molecule  of  hytlrogeu  chloridu  aolually  wi'i;;:hs  uivH'h  less  than  a  mole- 
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cule  of  cMorine  plus  a  moler^ule  of  hydrogen.  In  fact,  the  total  weiglit 
of  the  last  two  mulecuk's  (S.'IoQ,  for  example,  iu  tlw  firat  ooluiim)  is 
exactly  twice  tlwt  of  the  molecule  of  the  corupouml  formed  by  the 
union  of  these  Hubstiiiicea  (1.G28).  Evidently,  to  bring  the  chemical 
behavior  intci  liariiiouy  with  the  molecular  hypothesis,  and  particularly 
with  Avogadro's  hypothesis,  on  whieli  the  assumption  tliat  these  num- 
bers represent  the  weights  of  the  molecules  is  based,  one  further  sup- 
position will  have  to  be  made.  This  is  to  the  etfect  tluit  the  molecule 
of  hydrogen  and  of  chlorine  splits  into  two  portions  before  combination, 
and  the  resulting  molecule  of  hydi'ogen  chloride  is  composed  of  a  half 
molecule  of  eaeli. 

This  conclusion  is  of  importance  when  we  are  confronted,  as  event- 
ually we  must  be,  with  the  tiLsk  of  harmonizing  our  combining  weights 
of  elements  with  the  weights  we  assign  to  molecules.  It  shows  us  that 
our  units  of  molecular  -weight  for  the  above  two  elements  will  have  to 
include  at  least  two  chemical  unit  'weiglttB  in  order  that  this  spUtting 
may  be  allowed  for,  without  subdivision  of  our  fundamental  combLning 
(atomic)  weights.  In  other  words,  we  may  not  make  36.18  (column 
3}  the  molecular  weight  of  chlorine,  and  1  that  of  hydrogen,  for  then 
the  molecules  of  hydrogen  chloride  would  be  made  up  of  the  half- 
values,  namely,  17.59  of  chlorine  +  0.5  of  hydrogen  =  18.09  of  hydro- 
gen chloride,  and  this  would  involve  using  0.5  as  the  chemical  iinit  of 
weight  for  hydrogen.  We  prefer,  therefore,  to  employ  2  and  70.30  for 
the  molecular  weights  of  hydrogen  and  chlorine  respectively,  and  1  and 
3d.l8  for  their  units  of  combining  weiglit  (later  to  be  renamed  atouuc 
weights).  Or  rather  we  employ  the  corresponding  slightly  lai'ger  num- 
bers of  the  scale  Oxygen  =  U\  which  are  2.016  and  70.9  for  the 
molecular  weights  and  1.008  and  35.45  for  the  units  of  combLning 
weight. 

The  data  for  water  lead  to  a  similar  conclusion  for  oxygeu.  The 
proportion  by  weight  of  hydrogen  and  oxygen  in  water  is  2  ;  16.88 
(p.  126),  and  this,  according  to  the  tiible  (thii-d  cobnnn),  would  mean  a 
ratio  of  two  molecules  of  the  former  to  one  of  tlie  latter.  But  the 
molecule  of  water  weighs  only  8.94,  or  half  the  sum  of  these  numbers. 
Henc«  but  half  a  molecule  of  fi'cii  oxygen  is  reqiured  to  form  a  mole- 
cule of  water.  Wlien,  therefore,  we  take  16  for  the  unit  of  combining 
■weight  in  the  case  of  oxygen,'  the  value  32  must  be  assigned  as  the 
weight  of  the  molecule  of  the  free  element. 


That  the  moleculei)  ot  hydrogen,  oxygen, 
combisiitlon  may  be  shown  In  another  way. 


und  chlorine  split  when  undergoing 
Let  us  repreMDt  by  small  squares 
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minute  rolumeg  uf  the  Tarionsgaa«s.    The  dinuam  below  shows  tbo  vol u mo  of  tlie 

fdiogen  chloride  and  that  of  the  two  constituents.    The  two  squares  side  hy  Rule 

epreseal  two  volumes  of  byclrogen  chloride  contaiiiiug,  aay,  KXI  molecules  eaeh, 

cording  to  this  hypothesis.     Thase  came  from  (c/.  p.  184)  one  volume  of  Lydrugcii 

'  containing  100  tuolecuies  and  oue  volume  of  chlorine  containing  the  same  number 

of  molectiteg. 

HTDRnoES     Chlobioi  Hvdxoobn      Chlohi^b 

ICKI    100  came  from 


100 

+ 

100 

The  200  molecule*  t>(  hydrrigoti  chloride  must  have  contained  altojcfcther  at  least 
200  fra^uients  of  chloriue,  Biiice  there  was  a  sample  of  it  in  each  molecule.     There 
were  therefore  200  coinbininj;  units  of  cliloriue,  at  least.     Tliere  niigUt   of  course 
have  been  400  or  000,  or  even  more,  since  there  might  be  more  than  one  unit  of 
.Chlorine  in  each  inoleciili^  of  hyilrogeii  chloride,  but  there  certainly  could  not  have 
been  less  than  200.     Now  tlie  300  units  of  clikirine  came  from  a  volume  containing 
100  of  the  physical  subdivisions  which  this  hypothesis  pontulates,     Kacli  of  these, 
llierelore,  must  have  contained  at  least  two  units.     Hence  wo  arrive  at  tha  conclu- 
rion  that  the  physiciJ  particle  or  molecule  of  chlorine  contains  two  combinuig  units. 
Wo  note  particutiirly  that  this  concIiLsion  is  due  entirely  to  the  fact  that  we  have 
umed  that  Uiere  is  the  same  umuber  of  molecules  In  a  volume  of  chlorine  that 
there  is  iu  a  volume  of   hydrogen  chloride.     This  conclusion  is  bitscd  therefore 
npon  a  certain  specific  assumption,  namely,  Avngadro's  addition  to  the  molecular 
liypothesia.    At  tinst  sight  we  seem  to  have  sacrificed  simplicity  by  accepting  this 
eniar^meut  of  the  hypothesis.     We  shall  find,  however,  that  it.i  uae  grcitlly  sim- 
les  the  study  of  many  things  in  chemistry,  and  so  it  is  adopted  consistently. 
To  apply  the  same  reasoning  to  hydrogen,  the  hydrogen  chloride  must  have 
ntained  at  16.1.11  WtO  units  of  hydrogen.     These  catiie  from  one  volume  of  hydro. 
n  gas  containing  1110  molecules,  and  there  must  therefore  be  two  utiita  of  hydro- 
gen in  each  molecule.     Regarding  this  from  the  other  point  of  view,  the  liM  mole- 
cules  of   hydrogen  have  to  supply  200  molecules  of  hydrogen  chloride  with  the 
element,  and  must  Uicrefore  be  subdivided  in  onier  that  this  may  be  accomplished. 
Hence  the  molecules  of  fiydrugen  cannot  be  identical  with  tlie  combining  tuiita. 
Take  now  the  case  of  wator.     Two  volumes  of  water  vapor  are  formed  from 

Etwo  volunies  of  hydrogen  and  one  volume  of  oxygen.     Using  the  same  diagraur- 
balic  method,  we  have  two  squares  reprcisenting  100  molecules  of  water,  formed 
from  two  squares  each  containitig  100  molecules  of  hydrogen  and  one  square  cou- 
tainiug  100  molecules  of  oxygeu. 
,  Watib 


H  VDROGEH 


100 


100 


came  from 


100 

100 

+ 

100 

Two  hundred  molecules  of  water  must  have  contained  &t  least  200  combining 
units  of  oxygen.  These  came  from  100  molecules  of  oxygen,  since  they  came  from 
one  volume,  and  each  molecule  of  oxygen  must  therefore  coat^n  two  units. 

In  the  foregoing  we  have  seen  that  the  molecules  of  (iilnrine  and  of 
hydrogen  must  be  held  to  contain  two  unita  each  of  the  respectiTe 
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ek'menta.  These  units  are  of  the  same  weij^ht.  as  the  units  of  tho' 
same  elements  contained  in  the  molecule  of  hydrogen  chloride.  Now,| 
just  as  the  molecule  is  hypothetically  a  discrete  body,  so  we  may 
regard  its  constituent  parts  as  distinct  entities.  These  parts  arO| 
spoken  of  us  atomB,  and  the  word  is  used  so  aa  to  he  equivalent  to  our 
word  "units.-'  There  is  nothing  in  the  facts  before  \\s  that  requires  us 
to  suppose  that  the  units  or  atoms  are  single  i)!U'ticles  ;  they  might  be 
clusters  of  many  jKirticles,  but  they  must  have  definite  relative 
weights,  namely,  the  atomic  weights.  All  that  we  may  infer  so  far  ia! 
that,  if  the  atom  of  hydrogen  or  of  <'hUir)tie  in  a  molecule  of  Indrfigeii 
chloride,  or  the  atom  of  oxygen  in  a  molecule  of  water,  is  a  cluster  of 
jiarticles,  the  ■mole&iile  of  each  of  these  elements  contains  twice  bb* 
iiiany  such  particles.  We  shall  nsc  the  term  "atom"  sparingly  pend-; 
ing  fuller  cxpjlanation  in  the  next  cbiipter. 

Tlte  Choice  of  the,  VhUw  Iti  for  thv  Afomhi  Weight  ofOxf/ffen. 

—  When  the  choice  of  a  iinal  unit  of  combining  weights  was  under  dis- 
cuNsion  (]i.  50),  the  value  1(>  was  assigned  arliitrarily  to  oxygen  in  pref-. 
erenee  to  8,  the  eiiuivalent  weight.     The  rea.son  fur  this  choice  may  lie 
found  in  the  jireceding  sections.     If  the  unit  of  combining  weight  had ' 
Iwcn  8,  then  Ki  would  have  now  to  lie  taken  as  the  molecular  weight  of 
the  element.     But  this  scale  may  easily  be  shown  to  involve  a  uumlier 
less  than  1  for  the  combining  unit  of  hydrogen.     For  example,  the  I 
molecule   of   hydrogen,   Ixnug   only  j^  as   hea\'^'  as  that  of   oxygen  ■ 
(p.  192),  must  rer'cive  the  value  1.008,  and,  since  tliis  molecule  splits 
in  uniting  with  chlorine  and  many  other  elements,  the  unit  of  combin- 
ing weight  for  hydrogen  must  Iw  only  0.504  on  this  scale.     Again, 
and  to  jKit  the  argument  diifcrently,  the  weight  of  hydrogen  chloride 
occupying  the  sanie  vohmie  aa  Ki  g.  of  oxygon  is  18.229  g.,  and  in  this 
weight  of  the  compouiul  the  amount  of   hydrogen  is  only    i^.'       of 
the  whole,  or  0.504  g.     Henci*,  to  avoid  numbers  less  than  1,  the  com  bin-  ; 
ing  weight  of  oxygen  is  raised  to  IG  (see  Exercise  4  in  this  chapter). 

TJte  Chemical  Unit  of  Moleenlnr  WeSfiht,  —  The  considerations 
discussed  in  the  preceding  sections  enable  us  to  establish  a  scale  of 
chet[iiciil  molecular  weights  for  all  gaseous  and  volatile  substances. 
Sine*  O  =  Irt  is  our  basis  of  unit  or  atomic  weights.  Oxygen  =  32 
Tnnst  Im?  the  Iwsis  of  our  molecular  weights.  The  molecule  of  the  free 
element  thus  conbiins  two  units  or  atoms,  and  is  represented  by  the 
formula  O,.     The  relative  weights  of  the  molecules  of  other  substances. 
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on  the  new  scale,  may  now  be  obtained  by  an  aritlimetioal  process 
similar  to  those  used  in  converting  to  the  scale  Air  =  1  and  Hydrogen 
ss  1  (p.  192).     The  results  differ  from  the  former  ones,  however,  in 

sessijig  a  definite  reLition  to  chemical  facts  throngh  the  atomic 
eights,  whiidi  before  was  lacking. 

In  the  fourth  column  of  the  table  (p.  192)  the  results  of  this  change 
Ol  scale  are  given.  From  the  proportion  1.429  :  .52.00  : ;  vrt.  of  1  1.  of 
a  gas  :  -X;  we  calculate  all  the  values  in  this  <x>lumn.  That  is  to  say, 
we  multiply  the  weight  of  one  liter  of  the  gas  by  j^-  It  will  bo 
found  that  perfect  harmony  between  atomic  weights  and  molecular 
weights  lias  now  Iwen  secured.  Thus  the  molecule  of  hydrogen 
cidoride  (36.458)  is  made  up  of  half  a  molecule  or  one  unit  (aUim)  each 
of  chlorine  (36.45)  and  of  hydrogen  (1.008).  The  last  column  gives 
the  composition  of  each  molecule,  the  symbols  being  used  in  place  of 
the  cheuncal  units  of  weight  for  which  they  stsmd.  It  will  Vjc  nnt.fd 
that  the  molecule  of  mercuiy  does  not  split.  Hence  its  molecular  and 
atomic  weights  are  identical,  and  its  formula  in  the  free  condition  is 
Hg,  Thug  all  the  molecules  of  elements  do  not  contain  two  units  : 
each  case  must  be  studied  separately  (see  below). 

The  whole  process,  condensed  in  one  statement,  is  aa  follows : 
To  obtain  tbe  molecular  '^elgbt  of  a  substance,  weigb  a  known  volume 
of  the  substance  in  the  state  of  vapor,  reduce  the  volume  by  rule  to  0^ 
and  760  mm.,  calculate  the  weight  of  one  liter  by  proportion  (this 
gives  the  value  in  tlie  first  coluiiin),  and  convert  to  the  scale  oxygen 
=  32  by  multiplying  the  result  by  32/1.429  (for  a  simpler  form  of  this 
stat^'ment,  see  lielow).  To  record  the  fact  that  the  gram  is  the  unit 
of  wt'ight  employed,  the  above  term  may  l>e  ex{«inded  to  the  form, 
gram-molecular  ^velgbt.  It  is  not  very  appropriate  to  speak  of 
oxygen  =  32  as  the  unit  of  the  system.  The  real  unit  is  an  im^i- 
nary  ga.'?  which  has  a  density  one-thirty -second  of  that  of  o.xygen. 

Since  the  process  by  which  molecular  weights  are  obtained  ia 
purely  one  of  calculation  from  actual  measurement.s,  its  application 
involves  no  use  of  the  molecular  hypothesis.  At  this  point,  there- 
fore, we  emerge  from  the  region  of  fiction  and  reach  a  conception 
which  can  be  stated  in  terms  of  experimental  facts  alone. 

The  term  gram-moleeular  weight  being  somewhat  ponderous,  we 
abbreviate  it  to  molar  weight,  and  still  further  to  mole.  Thus,  a  mole 
of  chlorine  itt  70,9  g.  of  the  element,  .ind  a  mole  of  hydrogen  chloride  is 
36.458  g.  of  the  compound.  The  ;nole  of  a  substance  is  the  formula 
weight  when  molecular  formulae  (see  below)  are  employed. 
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When  the  above  method  of  caJcalating  Uie  molecular  weight  from  the  weight 
of  one  liter  of  a  substance  is  applied  to  the  iictual  experimental  valuoa,  tlvo  result- 
ing molecular  weights  nocessai'ily  diverge  somewhat  from  llie  itieal  ones  which  we 
have  given.  Thus,  since  a  liter  of  hydrogen  chloride  nclually  weighs  3.221,  this 
number  when  mukiplied  by  32  and  divided  by  1.429  gives  the  value  7^.03.  This 
value  of  the  molecular  weight,  however,  does  not  contain  the  atomic  weight  of 
chlorine,  aa  found  by  men*uring  combining  firoportions,  an  even  number  of  times. 
Consetjueiitly,  tiie  molecular  weights  actually  determined  by  experiment  have 
alwnyD  to  be  luljuistcd  by  a  slight  numerical  change  to  the  nearest  value  which 
oonttiids  even  multiples  (:>f  the  atomic  weights  of  Uie  cniuitituents.  In  the  table  on 
Iiage  1(13  the  observed  and  the  adjusted  moleeidar  weights  have  both  been  given. 
Tbe  mole  is  alvvays  the  adjimted  molecular  weight  and  not  the  observed  one. 

This  process  of  adjustment  does  uol  really  involve  any  unceitainty,  because  it 
never  requires  changes  large  enough  to  introduce  actual  confusion.  The  adjust- 
menl  of  the  observed  molecular  weight  to  correspond  with  the  measured  combiu- 
tng  weights  is  made  in  preference  to  the  converse  operation  because  the  latter 
values  are  always  susceptible  of  eiaet  determination  while  the  former  are  not. 
We  caunot  eipect  the  molecular  weigiits  to  be  accurate,  because,  in  the  lirst  place, 
the  measurement  of  the  weight  and  volume  of  a  gas  or  vapor  is  always  diificuli, 
and  often  iuvolves  an  error  of  one-half  per  cent,  and,  in  the  second  place,  the 
way  in  which  Che  behavior  of  gn.«ies  depiirts  from  that  of  a  perfect  gas  causes 
the  results  to  vary  according  to  the  temperature  and  preseure  choaeu  for  the 
export  uient. 

The  Chcntirnl  Mnlerttle,  —  Tht?  (lefinitit.in  of  the  hyjiothetinal 
diL'tiuMil  iiioloinik'  (liftVrs  sliybtly  from  tliat  of  a,  iiiulci'ult!  in  the  gen- 
eral physical  sense  (p.  129).  Cbemical  moleculea  are  tbe  unit*  of 
irhioli  gaseouH  bodies  are  aggregateB.  We  liave  iiieanH  of  coni[iariHg, 
rougVily,  !it  least,  the  tlttueii-siouri  of  the  physicitl  units  in  gases, 
liquids,  anil  even  solids,  and  find  that  in  the  liquid  and  solid  Htates 
the  molecules  are  often  multiples  of  the  gaseouii  ones.  The  gaseous 
molecules  are,  therefore,  our  standard  in  chemiatiy  (see,  however. 
Chap.  xvii). 

It  will  be  seen  at,  once  that  it  would  be  quits  iiicorreet  to  define  the  molecular 
weight  of  a  substance  as  the  weiglit  of  a  molecule.  We  have  no  definite  proof  of 
the  existence  of  molecvdes  as  yet,  and  only  the  roughest  ideas  in,regard  to  their 
weight  as  individuals.  The  molecular  weight,  ou  the  other  hand,  is  a  perfectly 
definite  and  accurately  determined  value  which  would  remain  in  use  even  if  the 
molecular  hypothesis  were  to  be  discarded.  The  conception  was  first  reached, 
however,  through  tlie  use  of  this  hypothesis,  and  hence  we  might  describe  a  molec- 
ular  weight  as  a  weight  originally  fixed  by  the  use  of  considerations  involving 
molecules. 

The  Grntn-MnlecHltir  (Molar)  Volume,  —  The  weights  in  the 
fourth  coluiuu  of  the  table  (p.  1D2)  must  represent  equal  volumes  of 
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tlie  diffex^nt  gases.  This  follows  from  the  fa<!t  tliat  they  are  derived 
from  tho  values  in  the  first  tTjluiun  by  multijilyiiig  by  a,  uonstaat  mtio 
(.Hli/1.41'y ),  and  the  vuluiiic  in  tlw  first  eolmnsi  is  iJways  1  liter.  The 
actual  diiut'usioii  of  this  volujiie  is  evidently  3-/1.429  litei-s,  wliioh  la 
almust  exaL^tly  22.39,  or  in  rouud  numbers  22.4  liters.  This  volume 
at  0°  and  760  mni.  holds  32  y.  of  oxyyen,  TO.i)  g.  of  I'.hloi'iiw,  44.00  g. 
of  carbon  dioxide,  or,  in  fact,  the  molar  weif,'ht  of*  any  gaseous  sub- 
stance. It  is  called,  therefore,  the  gram-moleoular  volume  (G.M.V.) 
or  the  molar  volume  (p.  140).  It  ni;iy  lie  di' fined  !ia  that  volume 
wMcti  contautia  one  mole  (gram-molecular  'nrelght)  of  any  gas  at  0'^  aud 
760  mm.  At  other  temperatures  and  pressm-ea  the  G.M,V.  haa  cor- 
rusjxjndingly  different  values. 

The  fr.M.V.  gives  us  a  concrete  conception  of  a  molar  weight. 
This  volume  is  reproseuted  by  a  cube  (Fig.  ti9)  28.19  cin.  (or  about 
11.1  inehes)  high.  Like  any  other  vol- 
ume, it  holds  tlie  same  number  of  mole- 
cules of  dillcretit  gjiscs.  Its  ca[iacity  at 
0°  and  7*iO  mm.  is  the  uuml)er  of  iiiole- 
culea  in  32  g.  of  oxygen.  Hence,  in 
terms  of  the  hypothesis,  the  weight  of 
any  gas  which  iills  it  hears  to  32  g.  the  - 
same  r.itio  as  the  weight  of  a  molecule 
of  that  gas  to  the  weight  of  a  molecule 
of   oxygcu.      W'b    may,    therefore,    state 

the  metliod  of  finding  the  molsr  weight  of  a  substance  more  ainiply 
tlian  Ix'fore  ([).  197)  ;  Weigh  a  known  volume  of  the  subBtance,  at 
any  temperature  and  pressure  at  whioh  it  i»  gaseoua,  reduce  this 
volume  by  rule  to  0^  and  760  mm.,  and  calculate  by  proportion  the 
weight  of  22,4  titers. 

It  is  evideul  tlmt  the  chemical  molecular  weights,  ailjuBted  eo  as  to  Include 
whole  Duiubera  of  conibiniug  weights,  will  nut,  all  occupy  exactly  equal  volumes, 
Tbey  represent  exactly  equal  iiimibers  of  molecules,  aud  ttie  slight  diftereuces  In 
the  cloBeue-Bs  wltli  wliif'h  the  nioleciilea  are  packed  (p.  lOO)  wiU  cause  the  values  of 
tlie  molar  volumes  to  differ  from  gas  to  gas.  The  valueB  of  this  volume  calculated 
from  the  actual  weights  of  oue  lit«r  of  ea^h  gas  are  as  follows  *.  Hydrogen,  22.40; 
oxygen,  22.3'J ;  nitrogen,  22,45  ;  chlorine,  22.01  ;  hydrogen  chloride,  22.22  ;  oar- 
bou  dioxide,  22.20  ;  water,  22. 3B  ;  mercury,  22.55.  The  average  value  of  this  volume 
in  the  case  of  the  more  nearly  pei'fect  gases  is  22.4  liters,  and  this  is,  therefore, 
Ibe  number  which  we  have  used  m  our  definition  (see  Exercise  3  in  this  chapter^. 

I>et*rtHi nation  of  the  Atomic  Weight  of  Each  Element. — 
Having  learned  how  the  total  weight  of  the  molecule  is  expressed, 
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using  that  of  oxygen  as  the  standard,  we  must  now  return  to  the  corn- 
biniiig  units  of  weight.  Tht'  priiuaple  used  is  that  the  sum  of  the 
units  (atoms)  represented  in  the  formula  of  each  substiuice  must  equal 
the  moleeular  weight  of  the  latter.  Thus  we  now  approach  the  unit, 
weiglits  from  a  new  stand jioint,  first  asceitaining  the  njolecular 
weights,  and  then  dividinrj  the  latter  between  the  eotistitiients  of  t/ie 
eompountl.  The  following  table  shows  the  result  of  this  process  for  a 
number  of  eoinpounds.  The  molar  weights  there  given  are  adjusted 
molecular  weights  (p.  193),  and  round  numbers  are  used  in  some 
cases. 

The  method  of  calculation  is  as  follows :  Suppose  that  we  find  the 
moleeular  weight  of  phosphorus  oxychloride  to  be  163.36.  We  then 
determine  by  analysis  the  proportions  of  the  constituents  and  express 
thetri  as  usual  in  pereent^es.  The  results  are,  phosphorus,  20.1il5; 
chlorine,  G9,35;  oxygen,  lf).435.  The  problem  is  to  distribute  these 
elements  in  the  same  proportion  in  sucb  a  way  that  the  total  is  equal 
to  the  molecular  weight.  We  find  the  value  for  phosphorus,  for  ex- 
auiple,  by  the  proportion,  100  :  liO.215  :  :  153.35  ;  x,  in  which  we 
get  the  value  x  =  31.  The  proportions  of  chlorine  and  oxygen  are 
calculated  in  the  same  way,  and  give  the  numliers  shown  in  the  fourth 
line  of  the  table. 
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Study  of  sunh  a  tabJe  as  tliis,  if  it  ^ore  estendeil  to  include  all 
known  volatile  substances,  wnuld  eiiahle  us  promptly  to  piek  out  the 
moat  convenient  values  for  the  unit  wotghta  of  the  individual  elements. 
Thus,  no  compound  containing  chlorine  is  known  whose  tofail  molecular 
weight  contiuns  less  than  35.45  parts  of  tliis  element,  although  many  con- 
tain tiiultii>k'8  of  this  amount,  llentw  this  will  serve  as  the  unit  quantity 
for  descrihing  the  pi-oportion  in  any  eora|>ound,  and  will  Iw  represented 
by  the  syiidxil  CI.  Similarly,  31  is  the  smiillest  amount  of  phosphorus 
in  the  table,  and  is  an  integral  factor  of  the  larger  amount.  Hence 
P  =  31.  For  the  same  reason  we  choose  12  for  carbon,  200  for  mer- 
cury, and  1  (more  exactly  1.008)  for  hydroj»en. 

It  will  now  1x3  seen  why  the  equivalents  (p.  50)  were  multiiilied  by 
various  integers  in  making  the  eheuiical  units.  The  equivalent  of 
cai'bon  wiis  3.  But  there  is  no  compound  w^hose  molecular  weight  con- 
tains less  than  12  parts.  Now,  for  reasons  that  will  ajipear  later, 
chemists  always  ndjnst  the  formula  of  eaeh  volatile  substance  so  that 
the  total  fnrmula-welijht  (sec  below)  is  npial  tu  the  molar  i('vif//tt.  To 
accomplish  this  they  multiply,  when  necessary,  all  the  symbols  in  the 
formula  by  some  integer  («'..'/.,  N,Oj).  It  would  thus  lead  to  needless 
complication  tu  take  ',i  as  the  unit  amount  of  carbon,  for  errn/  molecule 
would  then  contain  four  units,  or  some  multiple  of  four,  and  every 
formula  C,  or  some  multiple  of  i\.  Having  decided  that  molar  weights 
ai'e  to  determine  the  dimeuaions  of  the  total  formula-weight  of  every 
componud,  we  choose  the  largest  units  of  combining  weight  that  we 
can,  in  order  that  all  the  chemical  ti-ansactiona  of  each  element  may 
be  formulated  by  means  of  the  smallest  possible  numlxn'S  of  units. 

The  mode  of  derivation  makes  all  the  quantities  of  any  one  ele- 
ment in  the  above  tiible  integral  multiples  of  the  suiallest.  Of  course, 
an  element  might  be  found  of  wduch  no  volatile  compound  contain- 
ing the  unit  weight  was  yet  known.  If  methane  and  formaldehyde 
were  still  undiscovered,  and  only  the  other  four  compounds  contain- 
ing carlion  were  available,  we  should  then  take  the  greatest  cuuiuion 
measure  of  24  and  36,  namely,  12,  as  the  unit, 

The  chemical  unit  weight  or  atomic  weight  oi  an  element  may  thus 
be  detiued  :is  :  Tlif  Q-.C.M.  (fireateit  I'uhunoii  uieasurt')  of  the  wreighta 
of  that  element  found  in  the  molar  'weights  of  all  its  volatile  compouuda 
80  far  as  these  have  lieen  exaiiihied.  It  is  always  a  multiple  of  the 
equivalent  by  unity  or  some  other  small  integer. 

Tills  di'Snitiou  is  simply  a  description  of  the  expirriineiUal  inethml  of  deteriiiin- 
iug  alouiic  weigbls.     Tbii  same  tlilii^;  may  im  expressed   iu  several  uilver  wuys. 
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For  example,  we  may  say  that  the  atomic  weight,  is  the  smallest  weight  of  the 
element  fouiiil  in  the  molar  weight  of  any  of  its  volatile  compounds.  This,  how- 
ever, is  a  less  satisfactory  dctinitiou,  becaui>e  it  taXU  to  cover  the  possibility  of  no 
compound  coutaintDg  a  aingle  unit  (atout)  being  known. 

We  uuy  also  define  the  atomic  weight  of  any  element  as  the  largest  even  tnal- 
tiple  of  the  equivalent  which  can  be  contained  in  the  molecular  weights  of  all  the 
volatile  compounds  of  the  element.  That  the  atomic  weight,  determined  by  the 
above  method,  must  necessaiily  be  a  multiple  of  the  equivalent  weight,  liiu'dly  re. 
quires  demon stratioii.  In  compounds  containing  oxygen,  Gay-Lussac's  law  shows 
that  the  quantity  of  oxygen  in  the  molecular  weight  of  the  compound  must  be  au 
even  midtiple  or  sub-multiple  of  32  and  therefore  an  even  multiple  of  8.  Hence 
the  weight  of  the  other  constituent  combined  with  this  amount  of  oxygen  must 
be  an  even  multiple  of  the  quantity  which  would  combine  witli  8  parts  of  oxy- 
gen. That  is  to  say,  it  must  be  the  combining  weight,  or  an  even  multiple  of  it. 
If  the  compound  does  not  contain  oiygeu,  then,  according  to  tiay-Luasac's  law, 
the  vol  umi'S  of  the  compound  and  of  oxygen  which  wovdd  interact  must  stand  to 
one  another  in  the  ratio  of  two  integers.  From  this  fact,  by  simUar  reasoning, 
we  reach  the  same  conclusion  as  before. 

The  application  of  the  criterion  which  Avogadro''3  hypothesis  furnishes  for  the 
determination  of  chemical  ujiit  weights  was  neglected  for  many  years.  Although 
it  waa  flrat  .suggested  by  Avogadro  in  ISll,  and  almost  immediately  afterwards,  in- 
dependently, by  Ainpfere,  it  was  not  until  CanuizKnro,  still  professor  of  chemistry 
iu  Rome,  recalled  attention  to  its  usefulness  in  1858,  that  the  values  to  which  it 
led  began  finally  to  bo  adopted  by  chemists.  Consequently,  during  the  first  half 
ol  the  uineteunth  century,  through  the  absence  of  any  detinile  standard  for  chemi- 
cal  tmil  weights,  much  confusion  existed.  This  was  not  remedied  very  promptly, 
even  after  lBu8,  for  the  unit  weights  based  upon  Avogadro's  principle  were  not 
accepted  by  all  chemists  simultaneously.  Thus,  when  O  =  8,  the  formula  of  water 
is  no,  itnd  this  mode  of  vvHtiug  its  compusiliiin  will  be  found  in  many  chemical 
works  published  during  the  first  two-thirds  of  the  nineteenth  century. 

There  is  one  feature  of  the  definition  to  wliich  attention  must  be  drawn  spe- 
cifically. The  atomic  weight,  according  to  the  definition,  is  chosen  from  amongst 
the  values  p^iven  by  known  volatile  compounds.  When  these  are  few  iu  number, 
there  is  always  a  possibility  that  the  actual  minimum  has  not  been  found 
amongst  them.  There  are,  however,  as  we  shall  see,  other  independent  ways  of 
fixing  Uic  values  of  the  atomic  weights,  and  we  have  now  good  reason  to  believe 
that  few  of  those  at  present  iu  use  will  require  to  be  altered  In  consequence  of 
future  discoveries. 


The  Accepted  Atotnie  Weightn  of  the  Elements,  —  The  most 
trustworthy  iiieasnwmetits  have  been  sek^cteil  in  uiakiug  up  the  fol- 
lowing list  of  unit  weights.  It  is  the  one  approved  by  an  inteniatioaal 
committee  (1906)  consisting  of  F.  W.  Ckrke,  T.  E.  Thorpe,  Karl 
Seubert,  aud  Henri  Moissan, 
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.     .      N 
.    .     Os 

Krypton 
H  Lanthanum 
^H  I.ead  (Plum 

Ma^eBium 
Manganese  . 
Merooiy  (H, 
Ilolybdenun 

Seodymium 
Neon .     .     . 
Nickel     .     . 
Mitrogen 
Osmium  .     , 

bum) . 

fdrarg 
1    .     . 



Ramsay  and  Tmvors     .     . 

Moaauder 

Mentioned  by  Pliny  .     .     . 

Arfvedson 

Lie  big  and  Bussy      .    ,     , 

Gahn      .     

First  ment.  by  Theopbraatus 

lljelnt 

Auer  Ton  Welsbacii .     .     . 
Ramsay  and  Travers     .     . 

Cronatedt 

Rutherford 

Smithson  Tennant    ,     .     . 

Priefitley 

Widlastou 

Brand 

Oxygen  .    . 

.    .    o 

Palladium   . 
Phosphorus 
Platinum 

.   .    I'd 
.  .    p 
.   ,    Pt 

a).    .     K 

^KPotasaium  (Kaliun 

Davy 

1                 "In  cases  wh« 
1       admi^ion  to  the  li 

^re  the  elementary  mibi 
St  of  elemealH  is  given. 

rtance  has  not  been  isolated, 
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Si  us  or  Blkukxt. 


PrafieiKlyiniutii 

Utujiuiu  .     .  . 

Rliodiuiii     .  . 

Uiibiiliniit    .  . 
RtilJit'niiiin . 

Samanum    .  . 

Kcaiiiliiini    I  . 

JSiliciiii  .  .  . 
Silver  (Ar^enlum)  . 
SiiiliiiiH  (Nalrium)  . 
filrortliiiin    .     .     .     . 

Sulphur 

Tiititalum  ,  ,  .  . 
Telliiruuii  .  .  .  . 
TUadiiitii  .  .  .  . 
Tlmrium  .  .  ,  . 
Tin  (SUiunimi)  .  . 
TiUiuiiim  .  .  .  . 
TuiijiBlen  (Wolfrtim) 
Uraniutn  .  .  .  . 
Vantuliutii  .  .  .  . 
Xenon  .  .  .  .  . 
YUerliiutii  ,  .  .  . 
Yuriutu  .     .     .     ,     . 

ZIiic 

^ircuiiium  .     .    .     . 


SVM- 

AXOHJC 

BOl,. 

Wejobt. 

I*r 

140.5 

riA 

'22b 

nil 

H)3.0 

Itb 

ej.6 

Ku 

im.7 

s« 

150.  ;5 

So 

44  I 

Si: 

7 11.  a 

Hi 

28.4 

Ar 

107.113 

Na 

aa  05 

Sr 

87.(1 

8 

82.06 

Ta 

183 

Te 

127.« 

Tl 

204.1 

Th 

232,5 

Sn 

119.0 

Ti 

48.1 

W 

IM 

U 

238.6 

V 

61.2 

X 

128 

Yb 

173.0 

Vt 

80.0 

Xa 

65.4 

Zr 

1J«.6 

Elehrxtakv  .Stbstu'i.'k 

FlBltr  IsOLATKU  BY  : 


Auer  Ton  Welabtich  , 

Curie 

IVolla-stnii  .... 
Bunaeii  and  Kiruhliun 

Chvus 

[,ecocj  (le  Boisbaudran 
Nilstiu  iind  Cleve  .     . 
Berzelin.f    .... 
lierzelius    .... 


Davy 
l>avy 


Eckebprg    .... 
MUller  von  Rciclimist.eiii 
Cr(iolit^.s.     .... 
B«r)5eUua    .... 


Gregor 

Bros,  d'  KIbujar  .     . 

Peligot 

Bprzeliii.1  ,  .  ,  . 
RatiiBay  and  Travera 
Marlj^iiati  .... 
Winkler  ..... 
Mwit.  by  Basil  Vnleiiline 
lierztilius 


Datx* 


isae 
nm 

1803 
1861 
1646 
187U 

leit) 

1817 

1823 
PrehiKtoric 

1807 

1808 
rrebistoric 

1802 

T762 

1601 

1828 
Prehistoric 

1786 

178;j 

1841 

1831 

ISdB 

1878 

1828 
Ifith  Cent. 

1825 


d 


Molectifnr  Formulfp  nf  CotnpoiindH,  —  Since  we  have  all  along 
l)etMi  using  tin;  syiiiliols  to  rei)re.'iHiit  llie  atiituic  weiglitsof  the  elements, 
no  change  in  this  rt^spect  will  be  required. 

The  fonaitla^  of  <x)iiiiiriuiiils  arc  used  t*>  express  the  proportion  by 
weifjht  of  tlif  constitnptit  fleini'nls.  Tn  this  must,  iiinv  \w  added  the 
eotiditioii  that  the  total  forniulji- weight  must  lif>  niailc  up  8o  as  to 
eipial  the  molecular  weijL,dit,  in  all  aisea  where  tiw  latttM'  i.s  known. 
Thus,  in  acetylene  (p.  liOO)  the  ju'oportioii  of  carbon  to  hydrogen,  ex- 
pressed in  the  simplest  tenus,  is  12;  1  (={'H).  l!ut  the  nuilecular 
weitjlit  is  2(1,  hence  the  formuhi  must  be  0,11,.  Kimtlurly  in  etlty- 
h-ne  the  expression  OH,  wonld  correctly  represent  the  proportion  by 
weight  of  the  constituents,  but  not  the  tnoleenlur  weight.  The  latter 
eonipels  ua  to  use  C^Hj  as  the  I'orninla.      In  like  manner  aeetie  aeid  is 


*  In  ciuseB  wlierv  Uieelvuxuiiai'y  Hulixiaiicc  has  uul  been  UotaUrd,  the  dale  of 
aduiiiuiiuii  to  thu  luil  of  eleuieuts  is  given. 
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CjH^O,  aiid  not  CIIjO.  llvre  the  usage  is  justified  by  tlie  fact  that, 
'nithough  the  composition  a£  acetic  acid  is  ilie  aaino  as  that  of  formal- 
dehyde (CHjO),  the  materials  tlieinselves  are  entii-ely  ditfoient.  The 
molecular  formulas  C^HiO,  and  CH^O  show  that  thej  are  different  (see 
Exeruise  2  ia  this  chapter). 


tolecittar  Formnlfr  of  Simple  Siibx/anre/>,  —  Hydrogen  tn  iA« 
Utwn  haa  two  chemical  units  in  its  moltHnilc  ([i.  194),  and  hence 
its  njp^K  formula  is  Hj.  In  other  words,  two  unit  weights  (atoms) 
of  the  tlfrnmt  (rf.  p.  32)  combine  with  each  other  to  form  the  free  svt>. 
ftanre.  Iti  combination  with  other  elements,  as  in  PH„  HCl,  CjH^ 
and  H,0,  any  uumlier  of  unit  weights  of  hydrogen  may  be  used. 
Similarly  the  molecular  fonniila  of  free  chlorine  is  (,'!„  since  its  molec- 
ular weight  is  70.9.  Oh  the  other  Iiand,  that  of  mercury  is  llg,  for 
200  (p.  200)  is  at  once  its  unit  of  combining  weight  and  its  moleciilar 
weight.  The  moleeules  of  many  other  elements,  such  as  ciidiuium, 
•xinc,  potassium,  and  sudium,  contain  but  one  chemical  unit  (atom). 

Ou  the  other  hand,  phosphorus  vapor  has  the  molecular  formula 
P4  and  suljjhur  vapor  S„  although  in  these  ca-sea  mciisurements  at 
higher  temperatures  give  smaller  values.  Tlum  at  1700'  the  molecular 
weight  of  pliospliorus  is  91,  showing  it  to  Le  composed  partly  of  mole- 
cules of  tlie  formula  Pj.  Sulphur  vapor  at  800  becomes  wholly  Sj. 
When  the  temperature  is  lowered,  S,  is  re-formed.  Iodine  {q.v.)  supplies 
the  most  interesting  example  of  this  kind. 

The  moieciilnv  iveigliL  of  many  of  the  elements  Is  by  no  means  n  fixed  quantity. 
Ite  value  often  depeuds,  ss  the  abovo  euimples  bIiow,  ufwn  the  temperature  at 
which  it  is  trieswured.  Thus,  while  the  mulecular  weijjiit  of  oxygen  does  uot  vary  to 
way  apprpL'iiible  uxteiit  between  its  botUiig-poiut  (-  183.5")  and  1700^  many  of  the 
utber  elements  sliow  very  markoil  ehatigua.  Tliis  seems  to  indicate  Ihut  while 
Ibere  is  mily  one  stable  molecular  form  of  the  Rubstaiico  oxygen,  tliere  are  teveral 
molecular  arrangements  of  some  ol  the  elements  which  have  at  least  a  oen.iin 
degree  of  stability.  While  the  data  in  tienai^l  to  many  of  these  cases  are  given 
under  their  respective  elements,  it  miiy  be  worth  while  to  collect  theiu  toRelher  in 
this  place  in  order  to  sliow  between  what  limits  the  variatioria  iK'cur.  An  examina- 
tion of  the  following  table  exhibits  the  fact  that,  for  example,  bromine  is  all  Br, 
up  to  750°,  but  beyond  this  there  is  a  small  but  measurable  anmunt  of  dissocia- 
tion. Afrain,  iodine  ia  all  I,  up  to  448°.  Beyond  this  temiM'rature  the  density 
diminishes,  aud  when  I7()0'^  has  been  reached  the  molecules  have  all  been  coin- 
pletely  dissociati'd.  Phnsphorus,  even  at  1700°,  is  only  partially  decompo.sed  into 
molecules  of  the  formula  P„  while  arsenio  at  the  same  temperature  is  almost 
completely  As,. 
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ELEMGsrT. 

Tbmp. 

OBSEKTKn 
MUL.  WT. 

NEAKEST  MULTl- 

i-Ljt  i>F  Atomic 
Wkiobt. 

liKMABKS. 

Anlimotiy.     ,     . 

1640° 

283 

Sb,  -  240.4 

Some  Sb, 

Arseuic     . 

641'' 

3n«.4 

As,  -  800 

All  As, 

Arsenic     . 

1700° 

150.0 

Abj  -  160 

All  As, 
Much  Bi 

Bismuth   , 

1640° 

2iB.O 

Bi,  =417.0 

Bromine   . 

780" 

100 

Br,  -  liO.il 

All  Br, 

Bromine   . 

1050° 

150,6 

Br,  =  1&9.9 

Slight  dissociatioa 

Cadmium , 

1040° 

114 

Cd   -113 

AllCd 

Iodine.    . 

448° 

254.8 

Ij     =  263,04 

All  I, 

Iodine .     . 

1700° 

127 

I      - 130.97 

1  Complete  dtssoci»- 
(      tion  (I) 

All  Hg             i 

Mnrcury  . 

448° 

10H.5 

Hg  =.200 

Mercury   , 

1730° 

19S 

Ilg  -200 

Still  Hg 

Oxygen     . 

1700° 

82 

0,    -82 

All  0,             ' 

PliosplioruB 

S13° 

128 

Pj    -  M4 

All  P,              ( 

I'hospiiorus 

lTOff> 

01.2 

P,    =  l-'4 

JIueli  1' 

Potassiuni 

Red  licat 

37. a 

K     «    30.16 

All  K 

Selenium  . 

800° 

222 

S«,  -  ia8.4 

Selenium  . 

1420° 

UM.4 

Se,  =  158.4 

Newly  kll  Se,' 

Rodium     , 

Red  heat 

2(3.4 

Na   =    23.0!; 

All  Na 

Sulpbur    . 

l»g> 

261 

R,    ^SM.S 

{2.1  mm.  press.) 

HiUphur    . 

800° 

64.2 

B,    •=    84.1 

All  8, 
Still  4 

Suiphur    . 

1719P 

03.6 

8,    =    04.1 

Telim-ium 

1400» 

2(10 

Te,  =.  255.2 

*          ■          .         . 

Tiiallium  . 

1730^ 

412.4 

TL  =  40H.2 

All  Tl, 

^C      .     . 

1740° 

70.4 

Zn   =    05.4 

Aii  Zn 

The  case  of  oxygen  demonstrates  clearly  the  necessity  of  ttsiug 
niolecular  formula;, even  for  simple  snl^stsmces.  The  table  of  analyzed 
molecular  weightjj  (j).  2D0)  showa  two  substances  containing  nothing 
but  oxygen.  Ozone  (y.u.)  has  a  molecular  weight  48,  being  a  gas 
exactly  one-half  heavier  than  ordinary  oxygen.  Its  formula,  there- 
fore, is  0„  while  that  of  oxygen  is  <  V,,  Oxygen  and  ozone  are  entirely 
different  chemical  individuals.  The  latter  has,  for  example,  much 
greater  activity,  as  is  shown  by  the  fact  that  silver  rusts  when  exposed 
to  it. 

The  molecular  constitution  of  the  familiar  gases,  like  hydrogen 
and  chlorine,  suggests  one  reason  for  the  lat't  that  they  do  not  unite 
at  ODce  when  mixed.  If  they  were  made  up  of  free  chemical  units,  it 
is  difficult  to  see  how  these  eotdd  continually  encounter  oue  another 
aj9  they  moved  about,  without  combining.  But  the  molecular  formuloa 
suggest  that  each  gas  is  really  in  combination  already  (with  itself), 
and  hence  is  indifferent  to  the  presence  of  the  other.     Indeed,  the  fact 


4 
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that  hydrogen  shows  no  evidenw.  of  dissociation  into  atoms  when 
heated,  since  its  molecular  weight  is  the  same  at  all  temjieratiires, 
proves  it  to  he  a  very  stable  combination.  Both  water  and  Iiydrogen 
chloride  show  distinct  si^is  of  deeomposition  when  treated  in  the 
same  way.  When  a  mixture  of  hydrogen  and  chlorine  is  heated  so  as 
to  dissociate  a  few  of  the  molecules,  the  union  of  the  elements  cross- 
wise begijis  at  once,  and  the  heat  developed  by  this  union  quickly  car- 
ries the  action  through  the  whole  mass.  Of  course  this  explanation 
is  based  upon  our  hypothesis  and,  as  snch,  is  of  the  same  inniginary 
description  as  every  tiling  connected  with  that  hypothesis.  It  cannot 
be  verified  by  experiment. 

While  the  use  of  the  molecular  bypolhesiB,  id  explaining  the  constitution  of 
elements  like  hydrogen  and  chlorine,  and  tlieir  indifference  to  one  another  when 
inixetl,  (9  probalily  the  moKt  nivHy  for  the  l>esi'mtT  to  understand,  it  is  uot  Iha 
■afost  in  the  Bcientiiic  point  of  view.  It  in  pryferable  to  employ  tho  conception  of 
energy  and  to  siiy  ihut  when  the  miiture  is  heatt'd  kxially,  tJie  auiomit  of  energy 
in  the  parts  of  the  comjwtiiMits  whii'li  are  affected  is  increased,  and  consequently 
their  ciiemtcal  activity  is  raised.  When  the  energy  which  tliey  contain  reaches  a 
eerliiin  potential,  the  chemical  change  begins. 

To  preveut  misconception,  it  must  be  repeated  that  these  formula?, 
()j  and  Oj,  apply  only  to  the  forms  of  free  oxygen,  and  at  present 
these  are  the  only  forms  of  the  simple  substance  which  are  known 
with  certainty.  In  combination,  any  number  of  units  of  the  element 
may  be  contained  in  a  (Composite  molecule.  Thus  we  have  H^O,  COj, 
HNO,,  n^CjOj,  (.'(H,^;^,  (grape  sugar),  and  so  forth,  without  limit 

Attention  must  he  called  specificiilly  to  the  fact  that  the  chemical 
unit  of  combining  weight  for  an  element  can  not  be  determined  by 
measuring  the  molecular  weight  of  the  simple  substance.  We  have 
no  means  of  knowing  how  many  units  are  contained  in  the  molecule 
until  the  unit  itself  shall  have  been  fixeil.  This  is  done  by  comparison 
of  tin?  molecular  weights  of  several  compoiinth  of  the  element  with 
the  results  of  analysis  of  those  compounds  (p.  200). 

Diitfioriafiuii  of  CnmpottndH.  —  Dissociation  of  the  kind  under- 
gone by  sulphur  vapor  and  by  iodine  vapor  (p.  20o)  is  not  confinetl  to 
simple  substances.  Phosphorus  pentachloride  can  be  converted  into 
Tapor  without  much  difficulty.  Its  molecular  weight,  if  it  underwent 
'no  chemical  change  during  the  volatilization,  would  be  208.25.  The 
density  actually  observed  at  300°  gives  by  calculation  not  much  more 
than  half  this  value.     The  explanation  is  found  when  we  examine  the 
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nature  of  the  rapor  more  closely.  We  find  that  it  is  a  mixture  of 
phosphorus  trichloride  aad  free  chlorine,  resulting  from  a  chemical 
change  according  to  the  equation :  PCl^  t=i  PCI,  +  CI,.  The  low  value 
of  the  density  tells  us  at  once  that  dissociation  has  taken  place. 
Frutii  the  value  of  the  density  at  various  temperatures,  we  may 
evea  calculate  the  proportion  of  the  whole  material  which  is  disso- 
ciated. At  30f»°  it  is  97  per  cent ;  at  250°,  80  pei  cent ;  and  at  200°, 
48.0  per  cent  (see  Exercise  10  in  thia  chapter). 

i'hemleaf  tnteracHonft  Studied  hf/  Ob»ervatton  of  Volumem  ; 
Molrrtilnt  E*iuationa.  —  Acc-ordin','  to  Avogadro's  hyj'  thesis,  if  we 
filled  a  succession  of  vessels  of  equal  dimensions  with  diffe'ent  gases, 
aud  could  arrest  tlit*  motion  of  the  particles  and  observe  their  <:!ispo- 
flition,  wc  shoidd  tind  that  the  average  distance  from  particle  tc  ar- 
ticle would  be  the  same  in  all  cases.  This  would  be  true  whether  ui^i: 
vessels  were  filled  with  single  gases,  with  homogeneons  mixtures,  or 
with  gases  in  layers.  Such  being  the  case,  if  any  chemical  change  is 
brought  about  in  the  mass  which  results  in  a  multiplication  of  the 
molecules,  it  is  evident  that  the  volume  will  have  to  increase  in  order 
that  the  spacing  may  remain  the  same  as  before.  If  any  chemical 
action  results  in  a  diuiiotttiou  of  the  number  of  molecules,  then  a 
shriukf^e  must  take  place  in  order  that  the  spacing  may  be  preserved 
as  before.  Thus  in  a  mixture  of  hydrogen  and  chlorine,  according  bo 
otir  hypothesi.s,  neigjiboiing  molecnies  of  hydrogen  and  chlorine  simply 
exchange  units,  so  that  H  — H  +  Cl  — CI  becomes  H  — Cl  +  Cl  — H. 
"fhere  being  no  alteration  in  the  number  of  particles,  no  change  in 
volutne  occurs.     In  the  case  of  water,  on  the  other  hand, 

ir-H  +  0-0  +  n-H  becomes  H-O-H  +  H-O-H. 

Since  the  oxygen  molecules,  which  form  a  third  of  the  whole,  dis- 
appear into  the  molecules  of  hydrogen,  the  tendency  to  preserve 
spatting  results  in  a  diminution  of  the  volume  by  one-third  (p.  126). 

Thin  ttietliod  "f  looking  upon  chemical  interactions  between  gases 
gives  us  the  nearest  sight  which  we  ciin  have  of  the  behavior  of  the 
molecules  themselves.  We  cannot  observe  the  individual  molecules, 
but  in  conse<i«eiicc  of'  the  spatial  arrangement  which  we  suppose  them 
to  oiiwive,  t.he  outward  change  in  the  volume  of  a  large  aggregate  of 
molecules  i?tial)le.'j  us  to  draw  conclusions  at  once  in  regard  to  the 
behavior  of  the  single  molecules  in  detail. 


MOLECCLAR   WEIGHTS   AND   ATOMIC   WEIGHTS 


209 


Take,  for  example,  the  ease  of  the  burning  of  solid  sulphor  in 
oxygen  gas  within  a  c-losed  8i>aoe,  We  find  that  the  volume  of  the 
gas  does  not  alter  during  the  process.  It  takes  up  the  sulphur  into 
itself.  The  fact  that  no  alteration  in  volume  occurs,  leads  us  to  infer 
that  there  are  no  more  gaseous  molecules  after  the  action  than  before 
it,  A  molecule  of  oxygen  contains  two  units,  so  that  the  molecule  of 
the  product  must  also  contain  two  units  of  oxygen,  with  sulphur  in 
addition.  This  harmonizes  with  the  formula  employed  for  the  suli- 
Stance  which,  as  we  have  seen,  is  SO.,. 

Now,  by  using  in  our  equations  the  molecular  formulie  for  all 
gaseous  substances,  wo  gain  the  advantage  of  having  a  recoiti  of  tlie 
changes  in  volume  as  well  as  of  the  proportions  by  weight.  Thus,  if 
we  write  .S  -|-  20  — •  SO^,  the  equation  shows  the  proportions  by  weight 
correctly.     But  the  equation 

S  +  Oj  — SO, 


records,  in  addition,  the  fact  that  the  number  of  molecules  of  oxygen 
and  of  sulphur  dioxide  is  the  same.  These  being  the  only  gases, 
there  is  therefore  no  change  in  volume.  Again,  if  we  write  H  +  CI—* 
HCl,  the  proportions  by  weight  are  correct.  Hut  it  appears  as  if  two 
gaseous  particles  had  given  one,  and  that  therefore  the  volume  should 
have  been  reduced  to  one-half,  which  is  not  the  case.  The  molecular 
equatiou, 

H,  +  CI,  —  2HC1, 

shows  the  same  relative  weights  of  material,  together  with  the  addi- 
tional fact  that  there  are  equal  numbers  of  molecules  of  the  two 
ingredients,  and  as  many  molecules  in  the  product  as  there  are  in  both 
ingredients  together.  In  such  an  equation  each  formula  of  a  gaseous 
substance  represents  one  volume.  The  most  instructive  chemical 
equations  are  thu,s  the  molecular  ones,  and  thi'.i/  wi/l  he  iixrd  exetti- 
sloely  in  the  aequft  (see  Atomic  hyjiothesis), 

A^^]en  wo  know  the  molecular  forniulfe  of  the  single  subetanoes 
concerned  in  an  action,  the  eqvuition  can  be  made  and  the  change  in 
volume  determined  without  actual  measurement.  For  example:  What 
volume  change  will  he  observed  when  a  mixture  of  carbon  monoxide 
and  oxygen  has  explwled,  and  the  temperature  has  once  more  reached 
that  of  the  room  ?  The  molecular  formulie  are  CO,  0,,  and  CO^.  The 
equation  representing  the  weights  is  CO  +  0  — >  CO,.    The  molecule  of 
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oxygen,  hoAvever,  being  Oj,  we  eanuot  employ  less  than  this  quantity  | 
in  a,  molecular  equation,  so  that  the  equation  becomes : 

L'C0  +  0,-»2C0,. 

Three  molecules,  therefore,  give  two,  throughout  the  whole  mass, 
and  therefore  three  volumes  will  become  two  if  the  pressure  and  tem- 
perature are  the  same  at  the  beginning  and  end  of  the  action. 

If  we  rememljer  that  all  volatile  compouud8  of  carbon  and  hydro- 
gen bura  to  form  water  and  carbon  dioxide,  the  molecular  eci  nation 
for  any  such  combustion  may  easily  he  made,  and  the  volumes  of  all 
the  materials  a,'icert4iiiied.  The  volumes  of  solids  and  liquids  are 
always  insignificant.  Hence,  if  water  is  a  product,  only  its  volume 
as  steam  is  given  liy  the  equation  (see  Exercises  2  and  5-9  in  this 
diaptcr). 

The  molecular  furmnla  <if  acetylene  ia  C,!!,.  When  thia  gas  is  miied  with 
oxygen  in  sufficient  amount,  a  violently  explosive  mixture  is  obtained.  The  chem- 
ical Mtlon  results  in  tlie  formation  of  carbon  dioxide  and  water,  Tlie  equation 
C,H,  +  (iO  — >  SCO,  +  HjO  riipresenta  the  change  so  far  as  the  weights  of  material 
are  concerned.  But  we  must  use  nothing  but  complete  inoleculeR  if  we  wish  to 
learti  the  volume  reliitions.  To  st*ciirp  the  oxygen  in  multiples  of  two  combining 
weigbUi,  we  muKt  double  the  whole  equation,  when  it  appears  in  the  foi'm : 

2C,H,  +  60,^4CO,  +  aH,0. 

We  then  see  that  seren  molcculea  become  six,  so  that  the  change  in  volume,  abore 
,00°,  will   he  in  the  sanie  proportion.     Below  100"  the  water  condenses,  and  the 
n  dioxide  is  the  only  gas  produced. 

Other   MethtHln   of  Determininff   Molecnlnr    Weights Tlie 

nietliittl  we  hitvu  duscribed  is  noceasarily  restricted  in  it«  application  to  volatile 
substnnces  which  are  not  decoiupoaed  when  couvened  into  vapor.  The  similarity 
between  the  dissolved  autl  the  gaseous  states  {(^f.  p.  160),  however,  opens  up  a  much 
wider  Held  for  the  ase  of  wiiat  is  esftentially  the  same  method.  Subject  to  certain 
exceptions,  ciual  vnlumes  of  solutions  having  the  Rrune  temperature  and  osmotK 
pressure  contain  equal  numbers  of  moleculen.  Hence  all  the  reasoning  we  have 
.tpplied  to  gases  may  be  used  mutatis  mulaTtdta  in  connection  with  solutions  (see 
Chap.  xvii). 

Fropertien  fosaexaed  hj/  Atomic  h'eighti),  but  not  b//  Kqniv- 

(Uentg. —  It  is  manifest  that  equivalents  are  much  sitnpler  in  nature 
and  much  more  easily  ascertaiued  than  atomic  weight.s.  It  will  be 
expected,  therefore,  that  we  shall  be  able  to  show  that  the  units 
Na  =  23,  Cu  =  63.fi,  Al  =  27.1,  C  =  12,  etc.,  give  a  better  view  of  the 
relations  of  the  elements  than  do  the  e<]nivalents  23,  31.8,  9.0.3,  and  3 
respectively.     Now,  these  unit  (atomic)  weights  are  found  to  have  five 
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importaut  properties,  at  least,*  which  would  disappear  from  view 
entirely  if  equivalents  were  employed.  This  gaio  may  be  set  against 
one  general  law  appertaining  to  equivalents  which  would  be  sacrificed 
if  we  were  to  use  atomic  weights  exclusively.  Hence  our  distint-t 
preference  for  the  atomic  weights,  as  well  as  our  vetentiou  of  the 
equivalents  for  certain  purposes. 

The  fii-st  great  property  of  atomic  weights  ie  that  they  ai'e  in  close 
correspondence  with  the  volume  relations  in  chemical  change,  which  the 
equivalents  are  iiot.  This  matter  has  formed  the  nuiiu  subject  of  the 
present  chapter.     The  atomic  weight  of  an  element  can  have  but  one 

,e  and  is  definitely  determinable.  The  equivalent  may  have  more 
^%han  one  value,  because  an  element,  if  it  givea  several  series  of  com- 
pounda  (p.  105),  will  have  as  many  different  equivalents. 

The  other  three  properties  of  atomic  weights  concern  :  Dulong  and 
Petit's  law,  the  periodic  system,  and  the  conception  of  molecular 
structure.  The  projjerty  of  equivalents  which  is  not  possessed  by  the 
unit  weights  is  described  by  Faraday's  law  (t/.v.). 


H  equi 
^H^pres4 


Xfulong  nutl  Pet  It '.s  Law,  —  It  was  first  pointed  out  (1818)  by 
Dulong  and  I'etit,  of  the  Ecole  Polyteehnique  in  Paris,  that  when  the 
atomic  weights  of  the  elements  were  multiplied  by  the  specific  heats  of 
the  simple  substance.^  in  t!ie  solid  condition,  the  products  were  approxi- 
mately the  same  in  all  cases.  In  other  womLs,  the  specific  heats  are 
inversely  proportional  to  the  magnitudes  of  the  atomic  weights.  The 
table,  in  which  round  numbers  have  been  used  for  the  atomic  weights, 
shows  that  the  product  lies  usually  between  0  and  7,  averaging  about 
6.4: 


Atuxio 

Wt. 

8p.  Ht. 

PSOOITCT. 

Bleukkt. 

Atoiuc 
Wt. 

Sp.  Ht. 

Fboddct, 

Lithium.     . 

7 

.»4 

6.8 

Iron  .     . 

60 

.112 

e.s 

Sodium  .     . 

23 

.29 

«.7 

Zinc .     . 

S6.4 

.093 

0.1 

MBgnMium 

24.4 

.246 

6.0 

Bromine 
(Solid) 
Gold 

80 

.084 

8.7 

BlUcon   .     . 

26.4 

.18 

4.5 

197 

.032 

0.:{ 

Phoaphorus 

(Yelluw) 
Cttlcium 

81 
40 

.19 

.170 

5.9 
6.8 

Mercury 

(Solid) 

Uranium 

200 

238.6 

.0336 
.0276 

fl.7 
8.6 

•  A  sixth  is  mentioned  in  Chap,  xvii,  geotion  on  tbe  ionic  hypothesis. 
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The  conspicuous  exceptions  occur  among  tlie  elementB  with  low  atomic  weigh ta 
only,  Tbu  products  for  four  of  tbese,  tlie  atouile  weiglits  being  given  in  parenthe- 
ses, are  as  follows :  Glucinuni  (9),  3.7,  boron  (11),  2.8,  carbim  (12),  1,7,  and  silicon 
(a8.4),  4.5.  Further  ijivesligation  shows,  bowever,  Uiat  in  the  case  of  precisely 
these  eleinenL.'j  tin)  valau  found  for  the  tipccifio  heat  varies  veiy  miU'kedly  with  the 
ceinperttture  a.t  which  the  specihc  heat  is  measured,  llieir  spccifio  heats  become 
rapidly  greater  ttie  higher  the  temperature.  Thus  at  96ij°  the  specific  heat  of  the 
diamond  (carbon)  is  0.46,  which  when  niultiplbd  by  the  atomic  weight  gives  the 
product  6.6.  So  that  even  the  exceptional  elemeuts  lumi  to  coino  into  line  when 
the  specific  heat  is  measured  at  higher  temperatures  —  and  Duloag  and  Petit's  state- 
ment does  not  limit  our  choice  to  any  one  lemperature. 

Another  way  of  expressing  thia  law  will  give  it  greater  chemical 
significance.  The  specific  heats  are  the  anirmata  of  heat  required  to 
raise  equal  weights  of  the  various  eleiueuts  through  one  degree.  Now 
these  trjHdl  welijhtu  contain  fewer  chemical  units  in  proportion  as  the 
chemical  unit  weight  ia  greater.  Hence  this  law  may  be  put  in  the 
form  :  Les.s  heat  is  required  to  raise  the  temperature  of  equal  weights 
in  proportion  as  the  number  of  chemical  units  they  contain  is  smaller. 
In  fact,  equal  nutnhers  of  units  require  equal  amounts  of  heat  to  raise 
tliem  through  e<]ua]  intervals  of  temperature.  In  other  words,  atomic 
weights  of  all  elements  batre  equal  capacities  (or  heat. 

This  being  true,  the  equivalentM,  if  used  in.stead  of  the  atomic 
weigh t..s,  must  give  widely  varying  products.  The  quantities  of  heat 
required  to  raise  eijui  valent  weights  through  one  degree  are  either  equal 
to,  or  are  fractions  of,  those  required  for  the  atomic  weights,  according 
to  the  valence  of  the  element.  Hence  the  law  applies  only  to  atomic 
weights,  and  not  to  equivalents. 

It  will  be  seen  at  once  that  although  the  law  of  Duloug  and  Petit 
is  purely  empirical,  it  may  nevertheless  be  used  for  fixing  the  atom^ic 
weight  of  an  element  of  which  no  volatile  compounds  are  known.  We 
can  always  measure  the  equivalent  with  considerable  exactness,  and, 
when  this  has  been  multiplied  by  the  sjiecific  heat  of  the  free  sub- 
stance, we  can  see  at  a  glance  what  integral  factor  will  raise  the 
product  to  the  neighlxirhtKid  of  6.4.  For  examjdc,  analysis  shows  us 
that  in  caloiiun  chloride  the  proportion  of  chlorine  to  calcium,  using 
the  known  atomic  weight  of  chlorine  as  one  term  of  the  proportion,  is 
35.5;  20.  If  calcium  is  univalent,  20  is  its  atomic  weight.  If  it  is 
bivalent,  two  units  of  chlorine  are  comliined  with  40  parts  of  calcium, 
and  40  is  its  atomic  weight.  If  it  is  trivalent,  three  units  of  chlorine 
are  united  with  60  parts  of  calciiun,  etc.  All  we  learu  in  reference  to 
the  atomic  weight  of   calcium  from  this  analysis  is  that  its  value 
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is  20  or  some  iutegral  multiple  of  20.  Nor  can  we  ftx  the  upper  limit, 
for  we  are  unable  to  obtain  the  weight  of  a  knuwii  volume  of  calcium 
cUorlde  vai»ar  and  so  determine  tlie  molecular  weight.  But  the  specific 
heat  of  caleiuiu  being  0.170,  we  multiply  tliU  number  Viy  20,  and  get 
the  proiluct  3.4.  This  is  only  half  large  enough,  so  we  assume  tliat  40 
is  a  more  probable  value  for  the  atomie  weight  of  eabuum.  The  prod* 
uct  13  theu  G.8,  which  agrees  fairly  well  with  the  average  for  other 
elements.  ^Ve  decide,  therefore,  that  the  symbol  Ca  shall  represent 
forty  parts  by  weight.  The  formula  of  calcium  chloride  is  thei-efore 
CaClj,  and  calcium  is  bivalent. 

II  will  be  seen  that  tbii  does  not  aupply  us  with  a  methcMl  of  Eiscertaining 

obetnicul  ttuil  wvi^liLiJ  iii(tL>peQcteiitly  of  any  chemlc&l  experiment.     We  cannot 

mea«Qre  the  iipc+i-itlu  heat  and  une  Uit-  quotient  from  division  ol  this  number  iulo 

6.4,   for  we  <]()  not  know  in   advance  that  the  product  for  the  liloiuent  will  have 

exactly  tliU  value.     U  may  be  below  6,  or  it  may  be  as  high  as  7.     In  the  case  <if 

e&Icitun,  tor  exampte,  fJ.-t  -i-  0.17  -  37.05.     Now  37.aSi»  5  pertieul  below  the  real 

value  o(  tbe  cliouiiciLl  unit,  and  even  tlie  ron^liit^t  meiisureiuent  of  acheniical  cotn- 

bining  wuight  ueinl  never  be  more  than  1  per  cent  in  error.     Hence  the  atomic 

weight  mutit  be  founded  upon  tlie  deteriuination  of  the  ettidvalent,  which  can 

Lbe  meMured  with  accurticy.     The  rule  discu'ised  in  this  section  cau  be  used  only 

Ito  Mcertain  what  multiple  of  the  equivalent  shall  be  accepted  aa  the  atomic  weight 

I^ter  tbe  equivalent  itself  baa  Iwen  measured  with  care.     In  otlier  words,  this  Is  a. 

.  method  of  adjusting  tho  result  of  chemical  experiincutntion,  and  cannot  supersede 

[  b  altogether. 

Periodic  SyHtem :  Motecutar  Stfueture.  —  The  periodic  system 
Cy.t'.)  is  an  arrangement  of  the  elements  in  tbe  order  of  m.aguitude  of 
their  ntonue  iiu'lf/hts.  The  elements  when  placed  in  this  order  are 
foniid  to  be  grouped  in  a  highly  remarkable  matiiier  according  t.o  t^hemi- 

rOal  likeness.     An  arrangement  in  the  order  of  the  equivalents  leads  to 

'no  significant  grouping  at  all. 

The  conceptiou  of  molecular  structure  finds  its  chief  applioation  in 
the  chemistry  of  the  compounds  of  carbim,  and  a  tlescription  of  its  most 
remarkable  services  to  chemistry  would  involve  discti.saions  far  tix» 
elaborate  to  be  included  in  this  volume.  The  graphic  formidse  (y.f.) 
■which  represent  this    structure   find    little   application    in    inorganic 

'chemistry.     A  simple  illustration  only  can  be  given. 

If  the  synibdl  ^  stood  for  three  parts  (tbe  equivalents  of  carbon, 
methane  would  receive  the  fortnuhi  Cll,  the  proportion  of  its  conatitu- 
enta  by  weight  being  3  of  earlxm  and  1  of  hydrogen.  But,  when  we 
mix  this  gas  with  cblorisiH  and  e.xpose  the  mixture  to  sunlight,  no  less 
than  four  different  compounds  are  produced  (rf.  p.  170).     WithC  =  3, 
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their  formxiltc  would  be  f'lH.CI,  C,HC1,  C'lHClj,  and  CCl,  the  carbon 
being  univalent.  The  relations  of  these  substances  are  much  aiinplified 
when  we  change  to  luolecuhir  formnlie  aud  substitute  C  =  12  for  C,=12, 
making  the  carboti  qnadrivalent.  We  then  perceive  that  we  are  dis- 
jilauiny  sncuessively  the  four  hydrogen  units  in  one  luolccuie,  and  that 
the  substances  are  CH„  OHjCl,  ('HjClj,  CHCl,,  and  CC'l^.  The  whole 
prodigious  growth  of  the  chemistry  of  the  eompwunds  of  carbon,  which 
has  taken  place  dui'ingthe  last  half  century,  has  bt;en  the  result  of  the 
employment  of  this  seemingly  slight  improvement  byKekule  and  Cou- 
per,  independently  of  ouo  another,  in  1858. 

Thus,  quite  aside  from  tlie  molecular  hypothesis  and  Avogadro's 
addition  to  it,  we  have  now  found  ample  independent  j list iticat ion  for 
the  multiplication  of  the  equivalents  by  integers  and  for  the  concep- 
tion of  valence  which  results  from  this.  Indeed,  if  Avogadro's  hypoth- 
esis had  not  suggested  this  miiltiplication,  it  would  have  come  alxnit 
eventually  even  iu  the  absence  of  any  naolecnlar  hypothesis.  Bulong 
and  Petit's  law  would  have  been  sufficient  alone  to  direct  attention  to 
the  atomic  weights,  and  their  other  properties  could  not  long  have 
escaped  discovery. 

The  eriatence  of  ihe  law  of  Dulong  and  Petit  and  the  periodic  law,  togeUier 
with  the  services  of  structui'al  formulie  to  or^uic  cbemistry,  all  deoiouatrate  that 
atomic  weights  are  of  vastly  greater  signilicauce  in  the  science  than  are  equivalent 
weiglita.  Aud  there  are  other  imiiiense  raages  of  facts  aside  from  those  covered 
by  these  coi)eei)tion6,  which  mo  all  dependent  upon  the  atomic  weights.  Thai 
almost  the  whole  syHemutization  thai  has  been  securcKl  lii  chemii^try  should  thus 
center  in  this  one  point,  fiiriiiEhes  the  Btronge^t  circuin.stautial  tividenue  tiiat 
Avogadro's  hyiJothesis  represents  very  closely  some  fundiuneutal  properly  of  all 
gases.  This  independent  inductive  evidence  iu  favor  of  Avogadro's  principle  is 
especially  worth  noting  l^ecause  the  deduction  of  the  principle  from  the  data  of  the 
kitietic-molecular  hypothesis  is  not  absolutely  rigid.  Ii  iuvolveii  ceriaiji  aseinup- 
tiona  which,  while  they  are  plausible  enough,  are  still  asBumptions. 

Application  to  the  Cane  of  a  yeiv  Eletneut,  —  By  way  of  review- 
ing the  principles  explained  in  the  chapter,  let  us  apply  them  to  the 
imaginary  case  of  a  newly  discovered  element.  The  bromide  of  the 
element  is  found  to  be  easy  of  preparation  and  to  be  volatile.  It  con- 
tains 30  per  cent  of  the  element,  and  its  vapor  density  referred  to  air 
is  11.84. 

To  find  the  equivalent  of  the  element,  that  is,  the  amount  combined 
with  80  parts  (the  equivalentj  of  bromine,  w«  have  the  proportion 
70  :  30  ::  80  :  X,  from  which  x  =  34.3.  The  atomic  weight  must  be 
thisj  or  some  small  multiple  of  it. 
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The  G.M.V.  of  air  weighs  SS.Pou  g.  (p.  192).  Hence  the  siune 
volume  of  the  vapor  of  this  brumide,  which  is  11.84  times  as  heavy  as 
air,  will  weigh  L'8.955x  U.S4,  or  342.84  g.  This  is  therefore  the 
molar  weight  of  the  eorapound. 

Now  30  per  cent  of  this  13  the  new  element.  342.84  x  30  -i-  100  = 
102.85.  So  long  as  no  other  volatile  compound  is  known,  we  adopt 
this  aa  the  atomic  weij^ht.  The  rest  of  the  molar  weight  (240  parts)  is 
brimiine.  Thus  the  formula  of  the  compound  is  ElBrj,  and  from  this 
we  see  that  tlie  element  la  trivalent. 

In  case  no  volatile  compound  of  the  element  can  be  fonned,  some  of 
the  free  simple  substanre  is  made,  say  hy  electrolysis,  and  its  specific 
heat  is  determined.  Application  of  Dulong  aod  Petifs  law  then  gives 
the  nuiltiple  of  the  equivalent  that  constitutes  the  atomic  weight. 

EitereiseM.  —  1.  The  weight  of  1  1.  of  a  gas  at  0"  and  TfiO  mm.  is 
6.23ti  g.  What  is  the  density  referred  to  air  and  to  hydrogen,  and  what 
is  the  molecular  weight  (jip.  102,  1'.19)  ? 

2.  The  molecular  weight  of  cyanogen  is  52.08,  It  contains  46.08 
per  cent  carbon  and  53.92  per  cent  nitrogen.  What  is  its  density 
referred  to  air,  and  wliat  tln:'  weight  of  1  1.  at  0'^  and  7(50  mm.  ?  What 
is  the  formula  of  the  sidtstance  (p.  204)  ?  Exploded  with  oxygen  it 
furmB  carbon  dioxide  and  free  nitrogen.  W^hat  will  be  the  relative 
Tohutici  of  the  materials  before  and  after  the  interaction  (p.  210)  ? 

3.  The  density  (referred  to  air)  of  sulphur  trioxide  vapor,  as  meas- 
ured at  a  certain  temperature  and  pressure,  was  2.85.  W'hat  is  the 
observed  molecular  weight?  W'hat  is  the  actual  G.M.V,  in  this 
case,  and  why  does  it  differ  from  the  average  value  (p.  199) :' 

4.  If  the  atomic  weight  of  oxygen  were  taken  as  100,  what  would 
be  the  atomic  weight  of  hydrogen  ? 

5.  Knowing  the  molecular  formulse  of  gaseous  substances,  it  is 
unnecessarj-  to  Ininjeu  otir  minds  with  other  data  in  regard  to  their 
relative  weights.  Is  hydrogen  chloride  (HCJ)  heavier  or  lijjhter  than 
carlwn  dioxide  (f'Oj)  ?  A  O.M.V.  of  the  former  weighs  H  +  CI  = 
36.45  g.,  and  of  tlie  latti.-r  C  +  20  =  44  g.  (p.  204).  Hence  the  former 
is  a  little  lighter.  Remembering  that  the  G.M.V.  of  air  weighs 
28.955  g.,  we  can  compare  the  weight  of  any  gas  with  that  of  air  in 
the  same  way. 

What  are  the  relative  weights  of  acetylene  and  sulphur  dioxide  as 
compared  with  air  ? 

6.  Our  equations  hitherto  have  attempted  to  show  only  the  numbers 
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of  units  in  various  aotious.  In  future  nothiDg  bat  molecular  fonnulEe 
of  free  elements  must  be  used  (p.  209),  For  example  (p.  59), 
2HgO  — » 2Hg  +  0,,  Write  in  molecular  form  all  the  equations  in- 
volving gases  wbieh  are  found  in  the  preceding  chapters. 

7.  Work  out  the  molecular  formulie  of  all  the  substances  in  the 
table  of  analyzed  molecular  weights  (p.  200), 

8.  If  the  problem  is  to  know  what  vohttne  of  a  gas  is  produced 
from,  or  combines  with,  a  certain  weight  of  some  substance,  the  use  of 
the  G.M.V,  leads  us  most  directly  to  the  answer.  Thus,  what  volume 
of  oxygen  is  obtainable  from  60  g.  of  potassium  chlorate  ?  First,  we 
write  the  molecular  equation,  that  is,  the  equation  showing  nothing  but 
complete  molecules  of  all  gases  concerned: 

2KC10,  -^  2KCI  +  30,, 
2x122.5     2x74.5    3x32, 

and  place  below  each  formula  the  weight  of  material  it  represents. 
Now  32  g.  of  oxygen  occupy  1  G.M.V.  or  22,4  liters.  Hence  245  g. 
of  potassium  chlorate  give  3  x  22,4  liters,  and  therefore  GO  g.  give 
60  X  3  X  22.4  +  245  liters  of  oxygen  at  QP  and  7 GO  mm.  If  a  differ- 
ent  temperature  and  pressure  is  to  be  considered,  either  the  G,M,V. 
or  the  answer  must  be  converted  by  rule  to  the  given  conditions. 

Wliat  volume  of  oxygen  at  10'  and  760  mm.  is  obtainable  by  heat- 
ing 50  g.  of  barium  peroxide  ? 

What  volume  of  oxygen  at  20'  and  760  mm,  is  required  to  convert 
16  g.  of  iron  into  rust  (Fe^On)  ? 

9.  Write  out  the  molecular  equations  for  the  union  of  alcohol  vapor 
(CjHgO)  and  oxygen  (p.  210);  for  tlie  interactions  of  methane  and 
chlorine  (pp.  176,  214) ;  and  for  the  burning  of  phosphoras  (vapor) 
in  oxygen.  Deduce  the  volume  relations  of  the  initial  substances 
and  of  the  products  at  various  temperatures  in  each  case. 

10.  At  1700^  the  average  molecular  weight  of  phosphorus  is  91 
(p,  20G).  What  percentage  of  molecules  of  P,  has  been  dissociated 
into  ?,? 

1 1.  Show  that,  if  an  element  has  more  than  one  equivalent  weight, 
the  atomic  weight  must  be  some  multiple  of  each  of  the  equivalents 
by  a  whole  number. 

12.  Prove,  without  the  use  of  anything  hypothetical,  that  16  is 
preferable  to  8  for  the  atomic  weight  of  oxygen,  because  the  smaller 
number  involves  a  fractional  value  for  the  atomic  weight  of  hydrogen. 
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CHAPTER   XTTI 
THE  ATOMIC   HYPOTHESIS 

To  determine  the  uature  of  cheraii^l  phenomena  requires,  as  we 
have  found,  very  elaborate  experimentation.  And  this  has  to  be 
followed  by  still  more  elaborate  reasonitig  before  a  systematic  state- 
ment of  the  precise  nature  of  the  change  can  be  made.  Yet,  when 
all  this  has  been  done,  we  are  still  unable  to  form  a  clear  conception 
of  what  manlier  of  procedure  the  change  follows,  for  the  details  are 
entirely  inaccessible  to  observation.  We  should  like  to  know  pre- 
cisely how  chemical  union  is  consummated,  and  how  chemical  exchange 
is  carried  nut.  We  should  like  to  account  for  the  fact  that  the  auto- 
matically adjusted  proportions  of  the  materials  used  in  every  chemical 
change  are  entirely  uninfluenced  by  temperature  and  other  conditions. 
Above  all,  we  should  like  to  know,  if  possible,  what  state  of  affairs 
determines  the  employment  of  an  individual  unit  weight  by  each 
element  in  all  its  combinations.  None  of  these  questions  can  be 
answered,  however,  because  nothing  can  be  seen  which  suggests  any 
answer. 

As  usual  in  cases  of  this  kind  we  construct  an  imaginary  mechanism, 
a  formulatlve  hypotliestB  (p.  141)  to  account  for  the  facts.  In  doing 
so,  we  are  not  under  the  illusion  that  we  are  discovering  the  actual 
machinery.  We  realize  that  we  are  simply  making  a  sort  of  diagram 
which  will  assist  our  thought  about  the  thing  it.self.  Now  a  slight 
addition  to  the  molecular  hypothesis  readily  furnishes  precisely  what 
we  need. 

Atomir  tlffpnthenls.  —  According  to  the  molecular  hypothesis,  all 
matter  is  made  up  of  small  discrete  particles,  each  of  which  htis  the 
same  composition  as  has  the  body  as  a  whole.  It  is  difficult,  there- 
fore, to  avoid  the  conception  that  the  different  materials  in  each  com- 
pound molecule  are  more  or  less  distinct  entities  also.  Hence  we  make 
this,  the  basis  of  a.  new  hypothesis,  and  attribute  to  these  constituent 
parts  of  molecules  the  properties  of  the  chemical  unit  weights  which 
are  closely  related  to  them.     These  parts  must  move  from  one  state  of 
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combination  to  another  without  alteration  in  their  ma^s.  Since  they 
may  be  restored  to  their  free  condition  and  recombined  as  often  as  we 
choose,  without  impairment  of  their  individuality,  eat'h  kind  must  be 
composed  of  a  distinct  variety  of  matter.  Tliese  two  are  almost  the 
only  qualities  which  the  facts  thus  far  presented  justify  us  in  attri- 
buting to  them.  We  must,  therefore,  carefully  avoid,  for  the  present, 
the  introduction  of  unnecessary  complications  by  inveDtiug  for  them 
any  other  properties  gratuitously. 

These  parts  of  molecules  which  we  thus  suppose  to  be  permanent, 
coherent  masses,  are  named  atoma.  This  word  signifies  objects  which 
are  not  disintegrated  (Gk.  aro^wK,  uncut,  i.e.,  not  yet  cut).  The  relative 
weights  of  these  imaginary  masses  are  numerically  the  same  aa  the 
chemical  unit  weights  (p.  50),  and  hence,  in  terms  of  this  hypothesis, 
we  call  the  latter  atomic  weights. 

It  should  be  noted  that  although  atoms,  like  molecules,  are  fictions, 
the  atomic  weights,  since  they  are  measured  by  experimental  methods, 
are  real.  They  originally  received  this  name  when  Dalton,  an  English 
schoolmaster  of  Manchester,  succeeded  in  unraveling  the  complications 
of  the  chemical  composition  of  substances  by  the  help  of  this  very 
hypothesis,  and  realized  for  the  first  time  (1805)  that  the  possession 
by  all  elements  of  individual  chemical  unit  weights  lay  at  the  basis  of 
the  whole  system. 

We  may  sum  up  all  that  the  facts  require  us  to  assume  about  atoms 
by  saying  :  Atoms  are  the  uoits  of  ^nrhich  molecules  are  aggregates. 
Those  of  like  kind  have  equal  masses,  and  diRer  from  those  of  other 
kinds  both  in  mass  and  the  kind  of  material  of  which  they  are  made. 
The  fundamentally  different  kinds  of  materials  are  the  chemical 
elements.     These  statements  include  the  wliole  atomic  hyiKJthesis. 

It  is  to  be  noted,  particularly,  th&t  there  are  no  facts  in  chemistry  which  prove 
that  sitnui.^  are  fncopo&Ie  of  d^ijilegration,.  All  we  know  is  that  in  ordinary  chemi- 
cal  cliaiiges  they  are  traaiiferred  aa  wholes.  It  ivoiild  only  occasion  Uie  rink  of 
conilita  with  facts  still  to  be  discoverpd  if  we  tiliiliorttted  our  fiction  any  further 
than  is  absolutely  necessary.  Indeed,  the  plienometia  of  radio-activity  have  already 
oonipeDed  us  to  suppose  that  there  are  particles  much  sumller  than  atoms  (gee  below). 
Wilhotit  this  assutuptiun  the  new  facts  cannot  be  accounted  for  in  harmony  with 
the  molecular  hypothesis. 

The  Idea  that  matter  is  composed  of  small  particles  la  a  very  ancient  one. 
Not  eveti  Dalton,  however,  although  ha  used  this  conception  oontinually  as  a 
means  of  thought  about  chemical  ctnd  physical  phenomena,  made  any  distinction 
between  atoms  bikI  moleculea  This  dtttinction  was  introiluced  later  by  Avogadro 
(1611^  Yet,  without  this  retincuieut,  continual  thought  of  the  behavior  of  matter 
as  consisting  in  Crauaactioiis  between  small  particles  led  Daltou  to  see  that  it  was 
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probable  tbftl  individual  unit  weights  for  each  Blemcnt  must  exist,  The  dJacovery 
that  Ibcy  did  exist  soon  followed.  The  nuiiibera  which  Dalton  actually  gave  out, 
aside  from  the  considerable  experimetital  iniiccuracics  attached  to  tiieni,  were  often 
equivalents  atrd  not  iiKxIeni  atoiiiio  weiglits.  It  was  after  the  publication  of 
Daltoo's  tUtfas  that  Guy-Lassae  discovered  the  taw  of  coinbiuiiig  volumes  (1808), 
and  tmtil  this  law  was  discovered  there  was  no  criterion  for  fixing  the  values  of  the 
atomic  weights.  Gay-Lu^ac,  at  the  end  of  his  paper,  pointed  out  that  his  dis- 
covery formed  an  important  confirmation  of  Ualton's  views.  Strange  to  say, 
Dalton  hiaiself  refused  to  accept  Gay-LiiKsac's  !aw,  aud  so  rejected  the  very  means 
toy  which  his  own  pritieiple  of  chemical  unit  weights  came  eventually  to  be  acknowU 
edged  as  one  of  the  foniidation  atones  of  the  science.  On  the  other  hand,  Dalton 's 
fettow  countrymen  and  contemporaries  accepted  the  principle  of  unit  weights^ 
but  rejected  the  atomic  hypothesis  by  the  help  of  which  Ualtou  had  reached  them  I 
Tlius  Sir  Humphry  l)i»vy  called  them  "  prnportiona  "  instead  of  atomic  weights, 
and  Wolliiston  preferred  tlie  won!  "  equivalents," 


The  Atumitj  Hf/ftotheHtn  and  Chemical  Chnnge.  —  The  change 
from  fheiuical  units  to  atoms  is  so  slight  that  the  application  of  this 
hypothesis  to  the  description  of  chemical  phenomena  is  very  readily 
made.  The  deseriptiou  gains  iu  concreteness,  however,  from  the 
change.  Thus,  we  consider  iron  from  every  source  to  be  made  of 
minute,  portions  of  iron  matter  which  are  all  alike  in  weight,  and  pre- 
sumably also  in  their  other  properties.  Similarly,  all  specimens  of 
sulphur  are  made  of  minute  partitdea  of  sidphor  having  exactly  the 
same  weiglit.  The  weight  of  a  sulphur  atom,  however,  is  diii'erent 
from  that  of  an  iron  atcun.  When  visible  portions  of  the  two  sub- 
stances unite,  we  conceive  tlie  operation  to  consist  in  the  union  of 
each  atom  of  iron  with  one  atom  of  sulphur  to  produce  a  molecule  of 
ferrous  Bulphide.  The  consummation  of  this  union  between  multi- 
tudes of  pairs  of  the  respective  kinda  of  atoms  in  every  second  of  time 
results  iu  a  chemical  transformation  whose  progress  is  perceptible  by 
the  senses. 

In  more  complex  chemical  changes,  a  further  correspondence  be- 
tween the  hypothesis  and  tlie  facts  comes  to  our  notice.  For  example, 
when  sulphuric  acid  acts  upon  aodiiiin  chloride  to  produce  hydrogen 
chloride : 

NaCl  -h  HjSO,  -»  HCl  +  NaHSO,, 

one  part  by  weight  of  hydrogen  takes  the  place  of  23  parts  by  weight 
of  sotlinm,  and  combines  with  35.45  parts  of  chlorine  to  form  the 
hydrogen  chloride.  This  is  the  way  we  state  the  change  when  we 
refer  to  measurable  quantities.  According  to  this  hypothesis,  the 
operation  consists  in  the  repetition,  millions  of  times   over  within  a 
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email  amount  of  material,  of  the  aubstitution  of  one  atom  of  hydrogen  ' 
for  one  atom  of  sodium  to  form  a.  molecule  of  hydrogen  eUoride. 
The  special  faet  whioh  we  notice  is  that  the  atom  of  hydrogen  suffices 
exactly  to  occupy  the  place  of  the  atom  of  aodiiua.  If  it  were  too 
large,  then  a  portion  of  each  atom  of  hydrogen  would  remain  unused, 
and  so  aome  free  hydrogen  would  be  produced  along  with  the  other 
products.  If  it  were  too  small,  then  some  atoms  of  hydrogen  would 
be  consumed  in  imiking  up  the  material  of  the  others  to  the  right 
amount,  and  hence  some  chlorine  might  fail  to  receive  any  hydrogen 
in  eorabiuatiou  and  escape  in  a  free  condition.  Neitlier  of  these  things 
is  observed  to  take  place,  however.  The  remarkable  fact  about  this, 
and  all  other  double  decompositions  of  the  same  sort,  is  that  the  little 
masses  of  the  .various  elements  exchange  places  without  any  alterar 
tions  to  fit  the  new  compound  being  required.  Hence  our  assumption 
that  the  atoms  are  permanent,  coherent  wholes.  This,  of  course,  is 
simply  stating  in  terms  of  the  atomic  hypothesis  the  facta  which 
underlie  the  conception  of  unit  weightii.  A  chemical  ptienomenoa 
as  we  observe  it,  then,  li  imagined  to  consist  in  some  nyBtematic  libera- 
tion, combination,  or  exchange  of  atoms,  according  to  a  definite  scheme, 
and  repeated  many  millioni  of  times  (wiUi  every  molecule)  in  a  body  or 
mixture  of  bodiea. 


The  Atotnic  Hypothenis  and  the  QtiaHtitattve  Lttwa,  —  The 

idea  of  atoms  simply  cryatalliKes  Hoinewhat  more  definitely  the  con- 
ception of  chemical  unit  weights.  Hence,  it  follows  of  necessity  that 
the  quantitative  laws  of  chemical  combination,  out  of  which  the  latter 
arose,  will  be  found  to  be  entirely  in  harmony  with  the  atomic  hypothe- 
sia.  The  defiiute  composition  of  each  compound,  for  example,  corre- 
sponds to  the  byjiothesia  that  each  substance  is  made  up  of  a  specific 
kind  of  molecules,  all  of  which,  in  turn,  contaiu  the  same  kind  and 
imudier  of  atoms. 

The  conception  of  valence  (p.  101)  suggests,  in  terms  of  this 
hypothesis,  that  some  atoms  unite  with  but  otii^  other  atom,  habitually 
(NaCl).  Some,  however,  unite  with  two  of  the  first  kind  (ZaCl,),  or 
with  one  other  of  their  own  kind  (ZnO),  still  others  with  three  atoms 
of  the  first  kind  (AlCl,),  and  so  forth.  In  other  words,  it  involves 
the  assumption  that  each  kitul  of  atom  has  a  limited  capacity  for 
holding  other  atoms  in  combination.  Thus,  taking  the  most  crudely 
mechanical  view  of  the  matter,  we  might  elaSiorate  the  hypothesis  by 
suggesting  that  there  is  a  limit  to  the   number  of   points  at  which 
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atoms  may  be  attached  to  one  another.  When  one  atom  of  chlorine 
is  attached  to  one  of  sodium,  the  combining  cajiacity  of  each  is  ex- 
hausted. When  one  atom  of  hydrogen  is  attached  to  one  atom 
of  oxygen,  oue  combining  capacity  still  remains  (H — 0 — ),  and 
can  be  satisfied  by  one  more  atom  of  hydrugea  or  of  some  other 
element. 

The  fact  that  the  vapor  density  of  the  elements  ia  often  greater 
than  that  of  tlie  compouuds  in  which  they  are  coataiued,  a  i-oft  which 
led  US  (p.  194)  to  tlie  conception  that  there  are  two  or  more  unit 
weights  in  one  molecule,  becomes  more  concrete  in  view  of  this  hy- 
.  pothesis.  It  is  as  easy  to  understand  that  there  may  be  two  or  more 
; atoms  of  the  same  kind,  as  two  or  more  of  different  kinds,  united  in 
one  molecule. 

Thtis  the  general  scheme  a<!cording  to  which  chemical  elianges 
occur,  as  well  as  all  the  quantitative  relations  in  chemical  phenomena, 
are  admirably  descrilwd  when  we  think  of  those  phenomena  aa  con- 
stituted by  transferences  of  atoms  fKjssessing  definite  weights. 


Equations  and  the  Atomic  JIi/p<tthe»iii.  —  Since  equations  are 
simply  records  of  the  kinds  and  <iuantitie3  of  matter  taluiig  part  in 
chemical  changes,  they  require  no  addition  to  the  atomic  hyj>othesia. 
The  symbols,  which  originally  represented  unit  weights  of  the  various 
elements,  may  stand  equally  well  for  atoms.  Hence,  in  the  current 
language  of  chemistry,  potassium  chlorate  (KCIO^  is  composed  of 
one  atom  each  of  potassium  and  of  chlorine  and  three  atoms  of  oxy- 
gen in  each  molecule.  The  word  "  atoin  "  stands  for  uuit  weight,  and 
the  word  "  molecule  "  for  molecular  weight. 

Concretely,  when  these  terms  are  used,  the  chemical  equation 
represents  one  minute  specimen  of  the  cliangc  which  is  taking  jdace 
throughout  the  whole  mass.  It  shows  euoiigh  molecules  and  atoms  to 
furnish  a  complete  example  of  what,  repeated  millions  of  times,  will 
constitute  a  chemical  change  in  a  visible  amount  of  material.  There 
are  a  few  details  which  this  jtoint  of  view  suggests.  For  example, 
the  equation  IlgO  —t  llg  -f  O  shows  the  weights,  but  does  not  include 
a  Complete  sample  of.  the  materials  in  the  point  of  view  of  this 
hypothesis.  The  Hmallest  fragment  of  free  oxygen  which  we  can 
obtain  is  made  of  two  atoms.  Hence  two  molecules  of  mercuric  oxide 
are  required  to  furnish  them.  Thus  the  minimum  number  of  wto/c- 
eules  which  would  suffice  for  carrying  out  this  change  on  a  molecular 
scale  ia  -llgO  — .  2Hg  -f  0,.       Bimihu'ly,  since  the  smallest  discrete 
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portions  of  free  hydrogen  and  cUorine  contain  two  atoms  each,  we 
must  \^Tite  the  equation  R^  +  Cl^— .  2HC1  {rf.  p.  209). 

Mai/  other  Properties,  Besides  Definite  Magit  and  Specific 
Muteridti,  be  attrihuted  to  an  Atom  J*  —  Wlitiu  tliia  question  is  raised, 
the  grouud  becomes  less  certain.  A  few  examples  will  show  the  dif- 
fleulties  euoountered  and  liow  far  uaeful  suggestions  have  bueu  made. 

Since  mercury  and  iodine  in  a  gaseous  coudiiion  are  coDipuaed  of  single  atouu 
(p.  205),  ail  atoms  must  ho  perfectly  elui<lic  jiuil  iis  moWuules  were  Msauined  to  be 
(p.  120).  But  this  assumptiuu  iii  uuiiecesiiury  iu  cLeimstry,  for  it  tliraws  noligkc 
upon  cUemical  beliavior. 

The  intei'nal  constitution  of  atoms  remained  for  a  centui'y  rather 
indefinite.  As  tictiotis,  whose  properties  depended  entirely  upon 
those  of  the  cheiui(.*al  units  whieh  they  represented,  they  were  not 
regui'ded  as  ever  undergoing  any  change  in  the  amount  of  material 
they  eoutaiued.  Keceutly,  however,  the  peculiar  radiations,  whieh 
proceeil  from  certain  minemk  contaiuing  uranium  and  thorium,  have 
been  discovered  to  bo  composed  of  minute  particles  (see  lladiumj. 
It  bus  l*en  found  possible,  even,  to  estimate  the  siae  whieli  these 
particles  must  iHissess  iis  <Mtmpared  with  atoms,  iu  order  that  they  may 
exhibit  the  properties  which  are  peculiar  to  them.  Different  methods 
give  somewhat  different  values.  But  it  apjwara  that  some  of  these 
particles,  which  are  called  rorpuftcten  (sometimes  eleetroitx)  to  dis- 
tinguish them  from  atoms,  are  of  the  same  size  from  whatever  element 
they  ai'B  formed,  and  that  their  mass  is  about  oue-thmtsuiidth  of  that  of 
a  hydroyen  atom.  The  relation  is  of  this  order,  at  all  events.  Their 
behavior  also  compels  us  to  su])pose  that,  even  iu  the  atom  from  wliich 
they  issue,  they  are  scattered  at  wide  distimces  from  one  ajiother.  Thus, 
Professor  J.  J.  Thomson  suggests  that,  if  the  hydrogen  atom  were  as 
large  as  a  church,  the  thousand  or  so  electrons  which  it  contains 
niiglit  be  compared  to  that  number  of  full  stops  (.)  scattered  through- 
out the  whole  editiee.  We  have  thus  been  compelled  by  the  facts  to 
a<ld  to  the  molecular  hypothesis,  first  an  atomic  hypothesis,  and  then 
a  corptiMrulHr  fi(/}H}tlteniit.  Our  atoms  turn  out  to  be  clusters  of 
particles  aftf'r  .all  (p.  19(j).  But  the  atom  (chemical  unit)  of  ordinary 
chemical  change  is  not  thereby  affected,  however  many  corpuscles 
may  be  thrust  into  it  by  other  considerations. 

In  one  direction,  namely,  tlaat  of  accounting  for  the  properties  of 
conijHjunds,  no  attempt  Ivas  been  made  to  adapt  the  atomic  hypothesis 
so  as  to  explain  the  facts.     Thus,  two  hydrogen  atotus  iu  a  molecule 
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give  a  gas  almost  insoluble  in  water ;  two  chlorine  atoms,  a  gas  wliit'h 
13  moderately  soluble' ;  but  one  of  each  gives  hydrogen  chloride,  whiuli 
dissolves  in  water  in  extraordinary  (jnantities.  iSo  also,  colorless 
substances  give,  by  clieniiual  union,  strongly  colored  ones,  aiul  odorless 
substances,  by  chemical  union,  strongly  odorous  ones.  Putting  ])iecea 
of  iron  ami  sulpbur  side  by  side  causes  absolutely  no  change  in  the 
properties  of  citht^r.  And  yet  this  hypothesis  compels  us  to  assume 
that  if  the  jiartieles  are  made  fine  enough,  and  jdaced  close  enough  to 
one  another,  the  individual  properties  of  the  constituents  mil  entirely 
disappear.  Hitherto  wu  have  failed  to  think  of  any  qualities  which 
might  1x1.  ;it.ti-ibutt;d  to  the  atoms  in  oi'der  to  account  for  facts  of  tliis 
class.  Why  should  oxygen  (Oj)  and  07Ame  (O,)  bo  su  different  in 
behavior  although  the  atomic  theory  hints  at  nothing  but  a  substitu- 
tion of  three  atoms  for  two  ?  'What  atomic  profM?rtiea  shall  account 
for  the  difference  between  red  and  yellow  jihosphorus  ? 

Usually,  in  explaining  these  matters,  we  forsake  atoms  and  employ 
the  conception  of  energy.  We  say  that  ozone  has  more  energy  than 
oxygen,  and  yellow  phosjihorus  than  red  pliosphorus.  Here  the  con- 
ception of  atoms  as  a  means  of  accounting  for  projiertiea  is  suliordi- 
nate  to  that  of  energy,  A  tendency  is  jilaiuly  perceptible,  indeed,  not 
merely-  to  supplement  the  atomic  theory  by  the  notion  of  energy,  but 
to  allow  energy  to  supplant  it  entirely,  and  that  not  only  in  this  T<ut 
in  other  connections. 

There  are  certain  special  peculiarities  in  the  relation  between  com- 
position and  properties,  however,  to  the  exi>lanation  of  which  the 
atomic  theory  has  been  successfully  adapted.  Thus,  certain  com- 
pounds precisely  similar  in  composition,  such  as  bainum  peroxide 
(BaOj)  and  leiul  dioxide  (PbOj),  show  entirely  different  chemical  be- 
havior. The  former  of  these  when  treated  with  an  acid  gives  hydrogen 
peroxide  (q.v.),  while  the  latter  gives  only  water  and  oxygen.  If  it  is 
merely  a  question  of  composition,  the  substances  should  behave  alike. 
So,  also,  we  often  have  two  or  more  compounds  identical  in  molecular 
weight,  and  in  the  elements  aud  immbers  of  units  which  they  fx)ntain, 
which  are  nevertheless  totally  different  in  physical  and  chemical  ju'oii- 
ertiea.  To  account  for  this  difference  we  have  found  it  convenient 
to  suppose  that,  although  the  atoms  contained  in  the  two  or  more 
kinds  of  molecules  are  of  the  same  numbers  and  kinds,  they  are  In 
dlSeient  geometrical  arrangement  towards  one  (mother  (see  Urea). 
Sometimes  one  of  these  substances  can  I*  made  directly  from  the  other, 
aud  this  gives  us  that  vai-iety  of  chemical  change  which  was  named. 
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"  mtsmal  reariangemeDt "  (p.  15).  In  diaeussmg  facts  like  the  above 
in  tenaa  of  the  atomic  hypotliesis  we  speak  of  the  Btruotur«  of  the 
molecule  and  the  oonBtitntion  of  the  substance,  and,  to  represent  our 
conclusions,  ■we  use  graphic  foniiulfe  (see  Constitutions  of  oxygen 
acids  of  chlorine,  hydrogen  peroxide,  sulphui-io  acid,  formic  acid  aiid 
m*ea). 

It.  is  becoming  increasingly  difficult  to  rnaiutain  the  distinction  wliicli  formerly 
Meemed  very  clear  between  physical  and  chemical  phenomeoa.  The  atomic  by- 
potlieaia  serves  the  purpose  in  a  rough  vtray  for  the  simpler  cases.  If  tlie  atoms 
are  undisturbed,  aD<l  tlierefore  the  chemical  properties  remain  unchuiged,  tha 
substance  has  undergone  a  pliyaical  change  only.  If,  however,  the  atoms  are 
altered  in  tlu'ir  relatitms  to  one  aiiothef,  either  by  rearrangement,  or  in  some  mora 
drttHtic  manner,  llie  chnnge  in  a  cliemioal  one.  Now,  however,  so  many  shades  of 
diflerence  among  tlie  examples  that  come  under  the  hciid  of  internal  rearrange, 
tiient  have  been  found,  that  the  atomic  liypotheais  is  applied  with  constantly 
increiuing  difficulty  ((/.  p.  10).  Whether  it  will  be  possible  to  apply  thla 
bypotbeiU  consistently  In  this  region  remains  yet  to  be  seen. 

Summing,'  this  up,  we  find  that  all  the  suppositions  the  chemist 
makes  are  :  That  an  atom  has  a  specific  mass  and  consists  of  a  specific 
kind  of  material,  and,  sometimes,  that  the  atoms  in  a,  molecule  are 
arranged  ivith  reference  to  one  another  in  space  in  some  definite  way. 
After  making  this  formulative  hypothesis,  liowever,  he  kmni's  no  more 
than  he  did  before  about  the  real  meehaiiism  of  chemical  change. 

X*  the  Atomic  Hypothesis  n  Fact.  —  The  language  of  chemists  haa 
become  so  saturated  with  the  phraseology  of  llie  atomic  and  molecular  hypctljeiies,  ^ 
thai  we  speak  in  term.s  of  atoms  and  molecules  as  if  they  were  objects  of  immedi- 
ate observation.  It  muijt  be  reiterated,  tlierefore,  that  this  language  Is  flgurative, 
and  must  not  be  taken  literally.  Tiie  atomic  hypothesis  providei^  a  coaveriieiit  form 
of  speech,  which  successfully  de.scribiss  many  of  the  facts  in  a  metaphorical  manner. 
But  the  bandy  way  in  which  the  atomic  hypothesis  lends  itself  to  the  representa- 
tion of  the  characteristic  fe.itures  of  a  cliemical  change  falls  far  sliort  of  constituting 
ft  proof  that  atoms  have  any  real  existence.  The  restate  me  rit.i  which  we  have 
made  of  some  of  the  characteristics  of  chemical  change  in  this  cliapter  depend  upon 
the  continued  reign  of  the  atomic  hypothesis.  The  definitions  of  the  same  things 
given  previously  were  baaed  upon  experiment  »nd  are  of  pennsineut  value,  so  that 
no  question  con  be  allowed  to  arise  as  to  which  of  the  two  definitions  in  each  case 
is  the  wore  important  one. 

The  existence  of  the  unit  weights  (atomic  weights)  will  probably  appear  to  come 
nearer  to  furnishing  veridcatinn  of  the  hyputbesia  that  matter  is  composed  of  ' 
atoms  than  any  other  fact.  It  may  seem  untiiiukable  that  each  element  should  use 
lliu  same  propoi'tions  by  weight  in  entering  into  many  different  combinations  if  it  is 
not  actually  done  up  in  pacicuts  whose  weight  is  represented  by  this  number.  Such 
Ml  Inference,  hriwcvor,  is  not  really  jnsititied.  An  illustration  will  malte  this  clear. 
If  WD  were  unable  to  see  wheat  cSose  at  hand,  so  as  to  distinguish  its  structure,  and 
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our  infonuation  was  confined  to  observation  from  a  distance  and  the  reading  of 
market  quotations,  we  sbauld  be  led  to  Infer  from  Lbe  latt«r  that  it  was  a  substance 
"Which  vras  always  done  up  lii  bushela.  Yet  we  know  that  tbis  iuference  would  be 
entirely  incorrect.  The  substance  really  eiists  in  the  form  of  bushels  at  the 
nwmenl  (tf  "itaauremeat  ojU}/.  So  there  might  be  imagined  properties,  at  present 
tui known  to  ur,  which  direi^tod  the  quantitative  lielectiun  of  material  for  chemical 
change  and  rejected  the  excess,  without  the  existence  of  any  permanent  segregra- 
tion  into  pieces  of  nnalternble  dimensions.  The  only  bushels  and  ounces  which 
we  have  are  iu  the  measuring  apparatus  and  not  in  the  materia!  measured  ;  so  Che 
only  atomic  weights  may  be  in  tJie  properties  controlling  chemical  combination, 
and  not  in  the  matter  combining. 


Mxerelneti,  —  1.  Iu  previous  chapters  our  definitions  have  been  ex- 
perimental. In  imitation  of  the  ilefinitions  of  the  law  of  definite  pro- 
portions and  of  valenue  (p.  220),  give  theoretical  definitions  of  the 
following,  in  terms  of  the  atomic  hypothesis :  Physical  and  chemical 
phenomenon,  multiple  projwrtions,  chemical  unit  weight,  molecular 
weight,  element,  compound,  symbol,  formula,  equation. 

2.  Criticize  the  definitions  :  The  atomic  weight  of  an  element  is  the 
smallest  portion  of  tliat  element  which  takes  part  in  chemical  change. 
An  atom  is  the  smallest  particle  that  can  be  conceived. 

3,  Befine  all  the  varieties  of  chemical  change  (p.  187)  in  terms  of 
the  atomic  hypothesis. 


CHAPTER  XIV 

THE  HALOGEN   FAMILT 

The  elements  to  which  we  have  so  far  devoted  most  attention  have 
Iweti  oxygen,  hydrogen,  and  chlorine.  If  we  recidl  the  chemical  prop- 
erties and  relations  of  these  eleuieiits  we  shall  reeogidze  the  fact  that 
they  all  jmssess  very  distinrvt  individualities. 

The  Chemirnl  ItelationH  o/  ElemcufM,  —  Hydrogen  is  the  sub- 
stance (p.  109)  which  unites  reiuHly  witli  oxygen  and  dilorine,  less 
readily  wstli  otlier  non-metals,  and  seareely  at  all  with  metals.  Oxy- 
gen and  chlorine  reseinble  one  another  somewhat  in  the  greatness  of 
tlieir  chemical  activity  and  the  variety  of  free  elements  with  which 
tliey  are  capable  of  uniting,  but  differ  mai-kedly  in  what  we  have 
called  their  chemical  relations  {p.  177).  The  resulting  compounds 
belong,  in  fact,  to  (juite  different  classes- — oxygen  fonns  oxi«ies,  fOilo 
rine  f(jrms  ehloridci^  —  and  elementB  are  considered  similar  only  'wheu 
tbey  resemble  one  another  In  cbemioal  relatione,  and  produce,  by  com- 
biuatioa  'with  the  same  element,  coajpouuds  having  similar  chemical 
properties.  Tliii.s  the  coiiimou  oxide  of  hydrogen,  water,  is  a  neutral 
substance,  and  is  chemically  rather  indifferent.  The  chloride  of  hytb'o- 
geii  in  aqueous  solution  is  a  strong  acid  and  is  chemically  very  active.* 
If  all  the  other  eheuiieal  elements  differed  from  one  iinotheras  much  as 
do  these  thi-ee,  the  study  of  the  chemical  elements  would  be  tedious  and 
tiresome,  since  we  should  be  denied  the  satisfaction  of  tracing  resem- 
hlanoes,  and  the  elements  would  be  incapable  of  classification.  In 
reality,  htjwever,  we  find  that  tJiey  are  not  incajjable  of  being  grouped 
together  iii  sets.  They  are  classified  according  t(j  the  kind  of  sub- 
stances with  wiiieh  they  combine  and  the  chemical  nature  of  the  prod-  jl 
ucts.     In  some  families  the  resemblance  is  close,  in  others  leas  close. 

•  The  diflercnce  between  oxides  and  chloride*  ia  seen  in  tlieir  bebavior,  and  will 
show  itaelf  M  we  proceed.  We  have  already  learned,  however,  thai  oxldeij  often 
unite  witli  water  to  fnriii  acids  or  bases  (p.  111)).  Chlorides  do  uot  unite  with 
wtiter  to  form  new  substiinces  with  marked  characteristics  (</_  p.  121).  They 
belong  la  the  large  class  of  compounds  deaiguated  salta  (;.».).  i 
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Tbe  present  group  is  of  t!ie  former  class,  and  will  serve,  therefore,  as 
a  convenient  beginning  in  the  work  of  tracing  relations  lietween  the 
elements  and  in  classifying  the  facts  of  descriptive  chemistry. 


^ 


The  Chemical  Relationn  of  the  Halogenn,^  The  bromide  (NaBr), 
iodide  (Xulj,  and,  to  a  less  extent,  the  Hiioride  (NaF),  of  sodium, 
reseniLJe  Bodinin  ehloridc  (NaCl)  in  a])peiU'ance  and  behavior.  Frcim 
the  fart  that  chlorine,  bromine,  iodine,  and  fluorine  are  thus  all 
aMe  to  proihu'e  substanees  like  salt  without  the  jn-esenoe  of  any  other 
eonstitiii'nts,  they  are  known  as  the  halogeaii  {Gk.  dA*,  salt;  yfyvav,  to  pro- 
duce), and  their  compounds  are  named  the  haiiaes.  The  halogens,  as 
tlie  above  formnlte  show,  are  univalent.  They  all  form  conipoumls 
with  hydrogen,  and  these  eomiiounds  closely  resendile  hydrogen  chlo* 
ride  ('/.«'.).  For  example,  tbey  are  colorless,  they  are  gases  (with  the 
exception  of  hydrogen  fluoride  which  is  a  very  volatile  liquid),  they 
are  very  solul>le  in  water,  and  their  solutions  are  anids.  Other  rela- 
tions will  be  given  in  a  summary  at  the  end  of  the  chapter. 


Brohixb. 


Occurrence.  —  Tlie  compounds  of  chlorine,  bromine,  and  iodine  usu- 
ally occur  together  in  nature,  while  the  comiiomuU  of  fluorine  are  not 
found  iu  the  same  sources.  Bromine  occurs  cbiefl}"  in  the  form  of  the 
bromides  of  sodium  and  magnesium,  in  the  upper  layers  of  the  natural 
beds  of  rock  salt. 


^ 


Preparntion,  —  In  the  chemical  point  of  view  there  are  three  dis- 
tinct ways  in  which  bromine  is  made.  The  first  of  these  is  closely 
related  to  the  common  method  of  preparing  chlorine  (p.  172),  As 
hydrobromic  acid,  unlike  hydrochloric-,  acid,  is  not  formed  extensively 
in  connection  with  any  chemical  industry,  potassium  bromide,  the 
moat  accessible  compound  of  bromine,  is  treated  with  concentrated 
sulphuric  acid,  and  the  product  is  oxidized  with  powdered  manganese 
dioxide  iu  one  operation.  The  whole  action  may  be  represented  in  a 
single  equation  (see  next  section),  as  follows ; 

2KHr  +  SHjSOi  -^  MnO,  -.  MnSO,  -1-  2kHS0,  4-  2H.,0  -|-  Br^ 

Bromine  lieing  a  volatile  liquid,  white  the  two  eulplmtes  are  in  volatile, 
its  vapor  passes  off  along  with  a  little  w.ater  when  the  alwve  mixture 
is  heated.     It  is  condensed  in  a  worm-tube  surrounded  by  cold  water. 
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The  second  method  of  preparing  bromine  depends  on  the  fact  that 
chlorine  is  a  more  active  elemeut  and  tUsplacea  bromine  from  combi- 
nation. When,  therefore,  chlorine  is  passed  into  a  solution  of  potas- 
sium or  sodium  bromide,  potassium  or  sodium  chloride  is  formed  and 
the  bromine  liberated ; 

2NaBr  +  Cl,-t2NaCl  -|-  Br^. 

When  the  liquid  is  warmed,  the  bromine  passes  off  along  with  a  part 
of  the  water,  and  may  be  condensed  aa  before. 

Aqueous  solutions  of  soluble  bromides  may  be  decomposed  by 
means  of  a  current  of  electricity.  The  bromine  is  set  free  at  the 
positive  electrode. 

The  whole  of  the  bromine  used  in  commerce  is  at  present  manu- 
factured in  the  first  two  of  these  way  a,  Two-thirds  of  the  supply  is 
obtained  from  Stussfurt,  where,  after  the  extraction  of  the  potas- 
sium chloride  from  the  impure  carnallite  (KCl,  MgClj,  6H,0),  the 
mother-liquid  is  found  to  contain  the  more  soluble  sodium  and  mag- 
nesium bromides  in  considerable  quantities.  The  warm  mother-liquor 
trickles  down  over  round  stones  in  a  tower.  The  chlorine  is  intro- 
duced from  below  and  dissolves  in  the  liquid.  The  bromine  is  thus 
liberated  and  passes  off  as  vapor.  A  part  of  our  supply  of  bromine  is 
obtained  from  the  brines  of  Ohio,  West  Virgiuta,  and  Kentucky.  Here 
the  liquid,  after  most  of  the  common  salt  has  been  removed  by  crystal- 
lization, is  assayed  to  ascertain  the  quantity  of  bromine  which  it  con- 
tains, and  is  treated  with  the  calculated  amount  of  sulphuric  acid 
necessary  for  the  action.  Manganese  dioxide  is  then  added  in  small 
quantities  at  a  time.  In  Michigan  the  brines  are  treated  with  elec- 
trolytic chlorine.  The  quantity  produced  in  America  in  1904,  was 
897,100  pounds,  and  was  valued  at  $269,130. 

A  Plnnfnr  Mnking  Vvru  Complejr  EqunHouH,  —  Whenan  equa- 
tion involves  more  than  two  iuitial  substances  or  products,  as  does  the 
one  given  above  for  the  first  method  of  preparing  bromine,  it  cannot 
readily  lie  worked  out  by  the  method  formerly  recommended  (p.  110). 
After  the  formulae  of  all  the  substances,  on  both  sides,  have  been  set 
down,  it  is  difficult  to  hit  upon  the  proper  numerical  factors  required 
to  balance  the  equation.  In  such  cases  a  good  plan  is  to  select  two  of 
the  initial  substances  and  make  a  partial  equation  showing  part  of  the 
action  and  including  at  least  one  actual  product.  Any  unused  units 
(not  coastituting  a  product)  are  then  set  down  also  and  treated  as  a 
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balance.  Thus  the  fiiat  two  of  the  substanoeB,  in  the  above  equation, 
will  furnish  the  second  of  the  products : 

KBr  +  HjSO,  -.  KHSO«  (+  UBr).  (1) 

Then  we  may  represent  the  formation  of  the  first  of  the  products  from 
the  materials  which  evidently  must  have  been  used  up  in  forming  it, 
and  set  down  the  balance  as  before  : 


MnO,  +  HjSOj  -^  MnSOj  +  H,0  (+  0). 


(2) 


» 


We  then  perceive  that  the  last  of  the  products  might  come  from  the 
oxidation  of  the  first  balance  by  the  second  : 

(3HBr)  +  (0)  _►  HjO  +  Rr,.  (3) 

The  third  partial  equation  shows  that  2HBr  will  be  needed  for  the 
amount  of  O  obtainable  from  MnO,,  so  we  take  enough  of  the  material 
in  (1)  to  get  the  required  2HBr  : 

2KBr  +  2H,S0.  -^  2KIIS0,  {  +  2nBr).  (1) 

When  we  now  add  the  real  substances  used  and  produced,  as  they 
occur  in  these  partial  equations,  and  leave  out  the  balances,  which 
have  been  adjusted  so  as  to  cancel  one  another,  we  obtain  the  final 
equation  already  given  for  the  action.  It  must  be  observed  tliat  this 
subdiviaiou  of  the  action  into  parts  is  a  purely  arithmetical  device, 
used  solely  to  simplify  the  arithmetical  process  of  writing  the  equa- 
tions, and  is  not  intended  to  imply  that  the  chemical  change  itself 
follows  these  or,  indeed,  any  stages.  It  happens  that  the  three  par- 
tial equations  we  have  used  in  this  illustration  all  represent  inter- 
actions which  can  take  place  separately,  But  the  arithmetical  value 
of  the  device  does  not  depend  upon  this.  I'he  partial  equations  made 
for  purposes  like  the  present  one  are  often  purely  fictitiou.s.  It  is 
still  true,  however,  that  wc  are  aided  in  the  selection  of  partial  actions 
at  each  step  by  following  some  plausible  theory  as  to  stages  for  the 
action  which,  if  there  were  any,  would  be  chemically  conceivable. 

Phyificat  Propertien.  —  Bromine  is  a  dark-red  liquid  (sp.  gr.  3.18) 
It  boils  at  59",  forming  a  deep-red  vapor,  and  even  at  ordinary  tem- 
peratures gives  a  high  vapor  pressure  (150  mm.  at  18'^')  and  evaporates 
quickly.  When  cooled  it  forms  red,  needle-shaped  crystals,  which  melt 
at  T.3°.  A  saturated  aqueous  solution  (l;u'o mine- water)  at  ordinary 
temperatures  contains  about  three  parts  of  bromine  in  one  hundred  of 
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water.  The  element  is  much  more  soluble  in  carbon  biaulphide, 
alcohol,  and  other  organic  soIveatB,  Its  vapor  density  up  to  750°  is  160 
(oxygen  =  32). 

Hi'Oinine  ((Jk.  ^pSi)iot,  a  stench)  has  a  most  pungent  otlor.  It  has 
a  very  irritating  effect  on  the  mucous  membrane  of  the  uoatrils  and 
throat.  If  spilled  upon  the  hands  it  has  a  most  destructive  action 
upon  the  tissues. 

When  free  bromiue  is  added  to  starch  emulsion  no  special  change 
in  tint  i.^  observable  unless  a,  very  large  amount  of  the  element  is  used 
(see  Iodine). 


P 


Chemienl  Prnpertien.- — -The  molecules  of  bromine  are  much  less 
stable  than  thu.se  of  liydrogeii,  oxygen,  or  nitrogen.  The  atomic 
weight  of  bromine  is  79.tiG,  so  that  in  tbe  form  of  vapor  it  has  two 
atoms  in  a  molecule,  and  is  represented  by  the  formula  Br^.  At 
1050°  the  vapor  density  is  150.5,  and  dissociation  into  Kr  has  begun. 

Like  chlorine,  it  forms  an  uustal>le  hydrate  with  water, 

Ummiise  unites  directly  with  hydrogen.  The  mixture  of  the  gases 
is  not  e.\pIo8ive,  and  the  union  is  much  slower  than  in  the  case  of 
chlorine.  In  presence  of  finely  divided  platinum  the  speed  of  the 
action  may  l>e  cmisiderably  increased. 

Bromiue  forms  compounds  di recti jf,  both  with  non-metals,  like  phos- 
phorus and  arsenic,  and  with  moat  of  the  metals.  Towards  unsatu- 
rated stibstani'es  and  organic  compoimds  it  behaves  like  chlorine  (?.«.). 
In  all  cases  the  interaction  i.*!  less  violent  than  when  chlorine  is  used, 
and  the  element  is  displaced  from  combination  with  hydrogen  and 
with  the  metals  by  free  chlorine, 

Botassiimi  bromide  is  employed  in  making  photographic  plates  and 
in  medicine.  Bromine  ia  required  in  large  quantities  in  the  munufao- 
ture  of  intermediate  products  used  in  the  preparation  of  organic 
dyes. 


Htdrookn  Bbohide. 


preparation.  —  It  might  Iw  expected  that  the  most  convenient  way 
of  producing  this  compound  would  l»e  similar  to  that  used  in  prepar- 
ing hydrogen  chloride,  namely,  by  the  action  of  conceuti'ated  sulphuric 
acid  upon  some  common  bromide  such  as  potassium  bromide  (KBr  + 
H,SO,j-iHBr-t- KHSO,).  We  hud  inrfeed  that  at  first  a  colorless 
gas  is  given  off,  which  fumes  strongly  in  the  air  juat  like  hydrogen 
chloride,  and  is  the  required  substance.     Almost  immediately,  how- 
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erer,  this  gas  acquires  a  yellow  and  then  a  brown  tinge,  and  we  dis- 
cover that  free  bromuie  is  being  produced  at  the  same  time.  If  we 
examine  the  gas  still  further,  we  recognize  also  the  presence  of  sulphur 
dioxide.  It  is  impossible,  therefore,  to  produce  hydrogen  broiuitle 
free  from  those  two  imparities  by  tliis  action. 

The  origin  of  the  bromine  and  sulphur  dioxide  whicli  complicate 
tliia  chemical  change  may  readily  be  traced.  Hydrogen  bromide  is 
less  stable  than  hydrogen  chloride,  aiul  its  hydiogen  can  more  easily 
be  removed  by  the  action  of  substances  containing  oxygen.  In  this 
case  the  sulphuric  acid  acts  as  the  oxidizing  agent,  yielding  oxygen, 
sulphur  dioxide,  and  water  (Il,.SO,  — *  O  +  SO,  +  H3O).  Thus  the 
two  extra  gaseous  products  are  seeu  to  bo  formed  by  a  change  pro- 
ceeding parallel  with  the  main  action  : 

2HBr  +  II,SO,  -»  L'H/)  +  SO,  +  Br, 

The  BimultaneouB  occurrence,  iJi  this  faaliion,  of  two  more  or  less 
tndspendent  actiona  is  not  micommou.  The  speeds  of  such  actions 
may  be  differently  affected  by  temperature.  Thus,  here,  the  second 
action  seems  to  become  more  extensive  as  the  temperature  rises  (see 
Chap.  xvi).  Since  all  acids  decompose  all  salta  more  or  less,  by  use  of 
an  acid  which  does  not  give  up  its  oxygen  so  readily,  such  as  phos- 
phoric acid,  pure  hydrogen  bromide  umy  he  obtaineil  (KBr  +  H^PO,  — > 
HBr  +  KHjPO,).  The  small  solubility  of  the  salt  in  concentrated 
phosphoric  acid  i-etards  the  interaction  (p.  179)  and  makes  the  evo- 
lution of  the  gas  very  slow,  however. 

Pure  hydrogen  bromide  is  prepared  by  hydrolysis  (p.  181)  of  phos- 
phorus tribromide.  Wlien  bromine  and  phosphorus  are  mixed,  a  vio- 
lent union  of  the  two  elements  takes  place,  pro<lucing  phosphonis 
tribromide  (PBr,).  This  substance,  which  is  a  colorless  liquid,  is  in 
turn  broken  uj)  with  great  eiise  by  water,  producing  phosphorous  acid, 
which  ia  not  volatile,  and  hydrogen  bromide ; 


. 


I 


Br       HOH 

P  -  Br  4-  HOH 

■^  Br       HOH 


.P(OH), -fSHBr. 


I 


In  practice,  those  two  actions  are  carried  on  simulbineously.  To  dimin- 
ish the  vigor  of  the  interaction,  red  phosphorus  is  taken  instead  of 
yellow,  iind  is  mixed  with  two  or  three  times  its  weight  of  sand  in  a 
flask  (Fig.  70).  A  small  quantity  of  water  is  added.  Excess  of 
water  must  be  avoided,  as  the  hydrogen  bromide  produced  is  extremely 
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soluble,  and  wc«lcl 
diseugaged  as  gas. 


therefore  be  retained  in  the  flask  instead  of  being 
The  bromine  is  placed  in  the  dropping  funnel, 
and  admitted,  a  little  at  a 
time,  to  the  mixture.  The 
ga»  produced  is  passed 
through  a  U-tiibe  containing 
gl&sa  beads  mixed  with  red 
phosphorus.  The  latter  com- 
bines with  any  bromine 
which  may  have  escai>ed 
chemical  change  and  have 
been  carried  along  with  the 
gas.  The  second  U-tube, 
containing  water,  may  l>e 
attached  when  a  solution  of 
the  gas  is  required. 

ft"-  TO.  rhystcrtl     Properties. 

—  Hydrogen  bromide  ia  a 
colorless  gas  with  a  sharp  odor.  It  is  two  and  a  half  times  as  heavy  as 
air.  It  is  easily  reduced  to  the  liquid  condition.  It  is  exceedingly  sol- ' 
uble  in  water,  and  in  cont<'ict  with  moist  air  condenses  the  water  vapor 
to  clouds  of  liquid  ]>articles.  When  distilled,  the  solution  in  water 
behaves  like  that  of  hydrogen  chloride  (p.  182).  It  loses  mainly  either  ' 
water  or  hydrogen  bromide,  according  as  it  is  dilute  or  exceedingly 
concentrated,  luitil  an  acid  of  constant  boiling-point  (126°  at  7C0  mm. 
pressure),  containing  48  per  cent  of  hydrogen  bromide,  passes  over. 

Hydrogen  bromide,  whether  in   the   gaseous    condition  or  in  the 
liquefied  form,  is  a  nonconductor  of  electricity. 


Chemfcftl  J'ntpertlei*.  —  The  chemical  properties  of  hydrogen 
bromide  are  similar  to  those  of  hydrogen  chloride  (p.  183).  It  is  some- 
what less  stable,  and  dissociation  into  its  constituents  begins  to  be 
noticeable  at  800°.  When  free  from  water,  it  is  not  an  acid  (see 
lie  low),  and  is  not  verj-  a<'tive  chemical  ly,  although  it  behaves  towards 
some  metals  much  like  hydrogen  chloride.  When  the  solution  in 
water  is  sti'ougly  cooled,  crystals  of  a  definite  hydi-ate  (HBr,  2HaO), 
corresponding  to  that  of  hydrogen  cldoride,  are  obtained.  When  the 
gas  is  mixed  vnih  chlorine,  hydrogen  chloride  and  free  bromine  araj 
instantly  protluced,  and  much  heat  is  evolved  by  the  change,  2HBr-|- 


THE   HALOGEN   FAMILT  288 

CI,— »2HC1  +  Br,.  Tlie  heat  produced  by  the  union  of  hydrogen  and 
bromine  vapor  is  12,100  calories.  This  is  much  less  than  the  amount 
produced  by  the  union  of  chemically  equivalent  quantitie.s  of  liydrt> 
gen  and  chlorine  (22,000  calories).  \\Tien  chlorine  displaces  bromine 
from  hydrogen  bromide,  the  heat  evolved  is  found  to  be  the  difference 
^K  between  these  two  numbers.  Using  the  rule  of  constant  heat  summa- 
^^F'tioa  (p.  78),  we  write  equation  (2)  so  that  Hllr  is  on  the  same  side 
f  with  Cl  (with  which  it  interacts),  and  the  products  of  the  equation 
I         required  (HCl  and  Br)  ^e  botU  on  the  right: 


H  +  Cl      -» HCl  +  22,000  cal.  (1) 

HBr  —  Br  +  H      -  12,100  cal.  (2) 

Adding,  HBr  +  Cl  -» HCl  +  Br  -f    9900  caL 


The  12,100  calories  are  produced  by  the  union  of  gaseous  bromine 
with  hydrogen,  and  the  final  result  is,  therefore,  that  for  the  produc- 
tion of  tjti^eoKji  bromine.  If  the  heat  of  formation  of  liquid  bromine 
is  required,  the  latent  heat  of  vaporization  of  bromine  (7296  calories), 
which  will  be  evolved  when  the  element  condenses,  must  be  added. 

Chemieul  Propei-fieH  of  Hydrobromic  AeUl, —  The  solution  of 
the  hydrogen  bromide  in  water  is  an  active  acid  {ef.  p.  111).  It  con- 
ducts electricity  extremely  well.  In  contact  with  metals,  oxides  of 
metals,  and  hydroxides  of  metala,  it  behaves  exactly  like  hydrochloric 
acid  (p.  186).  In  the  lii'st  case,  hydrogen  is  set  free  and  the  bromide 
of  the  metal  produced.  In  the  other  two  cases,  water  and  the  bro- 
mides of  the  metals  are  produced.  Oxidizing  agents  set  bromine  free 
from  hydrobromic  acid,  and  the  only  difference  as  compared  with 
hydrociiloi'ic  acid  is  that  less  powerful  oxidizing  agents  can  produce 
this  result.  Chlorine  dissolved  in  water  displaces  bromine  from  hydro- 
bromic acid  and  from  soluble  bromides  with  ease. 


Iodine. 


[Occurrence.  —  Iodine,  like  bromine,  occurs  in  sea-water,  although 
it  is  present  in  much  smaller  quantities.  Fortunately,  certain  species 
of  sea-weed  seem  to  have  the  power  to  remove  it  from  water,  and  use 
it  aa  a  constituent  in  complex  organic  compounds  which  tliey  contain. 
In  the  case  of  certain  species,  the  ash  of  the  sea^weed  is  said  to  con- 
tain as  much  as  two  per  cent,  or  even  more.  The  other  chief  source 
of  iodine  is  in  Chili  saltpeter  (NaNO,),  in  which  it  is  present  in  the 
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form  of  small  proiiortioiis  of  sodiiiin  iinlute  (NalOa)  and  sodium 
iodide.  Of  rec'etit  years  the  quantity  obtiiiiied  commercially  from  this 
Bouree  has  greatly  iuereaaed,  while  that  from  sea-weed  hais  diminished. 

It  is  worth  notiug  that  wliile  the  totii)  amount  o(  iodnw  found  in  the  human 
body  Is  small,  the  proponioii  contained  in  thu  thyroid  (;land  is  considerable.  A 
complejc  oi'g:aiiic  substauce,  known  as  iodothynn,  has  been  extracted  from  sheep's 
thyroids,  11  is  atlminiBlered  with  marked  success  in  certain  diseases,  such  as 
cretinism,  which  are  asiooiftted  with  very  smali  development  of  this  gland. 

Preparntion. —  In  factories  where  the  iodine  ia  extracted  from 
sea^weed,  the  latter  is  first  burned,  either  roughly  in  hollowa  in  the 
ground,  or  more  carefully  in  a}wcially  constructed  ovens.  A  great 
deal  of  the  iotUne  seems  to  be  lost  by  volatiUzatioti  in  thi.s  process, 
but  the  a.sh  which  remains,  and  wliich  iii  known  in  Scotland  as  hcl/i 
and  in  Normandy  as  eanic,  still  contains  from  0,5  to  1.5  per  cent  of 
sodium  iodide.  The  ash  is  treated  with  water,  and  the  solution  is  evap- 
orated so  as  to  permit  the  deposition  of  the  sodium  chloride  and  sodium 
sulphate  wlueh  it  contains!.  The  sodiiun  iodide,  being  very  soluble, 
remains  in  the  mother-liquor.  This  is  then  treated  with  manganese 
dioxide  and  sulphuric  acid.  The  quantity  of  manganese  dioxide  is 
carefully  measured  so  as  to  be  just  sufficient  to  set  free  the  iotline 
contained  in  the  liquid  without  proceeding  farther  to  the  liberation  of 
the  chlorine  which  it  contains  in  much  larger  amounts.  When  the 
mixture  is  heated,  the  iodine  passes  off  in  the  form  of  vapor,  and  is 
condensed  in  a  suitable  receiver.     The  action  (c/.  pp,  227,  229)  is : 

2NaI  +  MnO,  +  3HjSO,->Mn80«  +  2NaHS0^  +  2H,0  +  I,. 

In  France  the  treatment  is  similar,  excepting  that  chlorine  is  used 
to  liberate  the  iodine  in  the  last  stage  (2NaI  4-  CL,— >.2NaCl  +  I^). 
The  quantity  is  itdjusted  so  that  excess  may  not  be  employed.  This 
is  to  avoid  the  formation  of  a  compound  of  clilorine  and  iodine,  which 
easily  arises  by  direct  union  of  the  elements.  The  iodine,  being  insol- 
uble, forms  a  dense  precipitate,  and,  when  the  liquid  is  pressed  out,  it 
remains  behind  in  the  form  of  a  pjiate.  Electricity  could  also  be  used 
for  the  decomposition  of  this  mother-liquor,  The  iodine  is  set  free  at 
the  poiiitive  electrode,  while  the  met.als  pass  to  the  other.  This 
process  docs  not,  however,  seeni  as  yet  to  have  found  actual  applica- 
tion in  commerce. 

In  all  cases  the  iodine  is  subjected  to  purification  before  being  sold. 
This  ia  carried  out  by  distilling  it  with  a  little  powdered  potassium 
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iodide.     It  condenses  in  tlie  solid  fot'm  directly,  in  glitterinf»  black 
plates  (subtiuied  iodine).      The  distillation  of   a  solid  body,  when  a 
condensation  takes  place  directly  to  the  solid  form,  ia  spoken  of  as 
^^  MabUmatioa. 

^^  Fhffnieal.  Projtertiefi. — ^lotlino  (Gk.  JottSiJ?,  like  a  violet)  is  a 
\  solid  subs tiiuce  (sp.  gr.  5).a'xliibiting  large  crystalline  plates  of  rhombic 
^Kform.  It  iiielta  at  114°,  and  boils  at  1S4^.  The  vapor  haa  iit  first 
^Ba  reddish' violet  tint,  and  on  being  more  strongly  heated  becomes  deep 
Hbluf. 

^H  Iodine  is  much  less  soluhle  in  water  than  are  the  other  balogeii.t, 
W  and  the  solution  has  a  scarcely  perceptiblu  brown  tint.  At  ordinary 
temperatures  one  part  of  iodine  dissolves  in  about  5000  to  BOOO  parts 
of  water.  It  is  much  more  soluble  in  oarUm  disulphidc  (p.  15tl)  and  in 
chloroform,  in  which  it  gives  violet  aolutions.  Itj  alcohol  it  gives  a 
solution  which  is  brown.  The  brown  color  is  attributed  to  the  fact 
that  in  alcohol  the  iodine  ia  in  a  condition  of  feeble  (combination  and 
not  simply  in  .solution.  An  atpieoua  solution  of  pota-ssiiini  iodide, 
hydrogen  iodide,  or  any  other  iodide,  ha.'*  likcwi.se  the  power  to  take  up 
large  quantities  of  iodine.  In  these  cases,  however,  the  formation  of 
definite  comjiounds  (suclt  as,  KI  +  L,^KIj),  by  a  reversible  action, 

IaceoTints  for  the  amount  of  iodine  which  appears  to  be  dissolved. 
The  beharior  of  fi'ee  iodine  towai'da  starch  forms  a  distinctive  test 
for  both  substances  (ef.  p.  99).  When  starch  is  treated  with  boiling 
water  it  passes  into  a  state  of  fine  su.spensiou,  and  the  liquid  may  b<i 
filtered  without  removal  of  all  the  staj'ch.  When  traces  of  iwline,  con- 
tained, for  example,  in  the  pale-brown  aqueous  solution,  are  added  t.o 
this  filtered  starch  eiiiulsi uu,  ii  deep-blue  (-olor  is  produced.  The  same 
action  is  used  as  a  test  for  ataivh.  This  lilue  substance  ia  not  a  chemi- 
cal compound,  but  a  solution  of  the  iotline  in  the  solid  starch  which  is 
suspended  in  the  water.  That  tlie  color  becomes  so  much  stronjjer  is  in 
Imrmony  with  the  fact  that  dissolved  bodies  frequently  confer  a  tint 
different  from  their  own  upon  their  solutions. 


Chemicnl  Prop^rHei*. — The  molecxilar  weight  of  iodine,  ascer- 
by  weighing  the  vapor  at  a  temperature  above  the  boiliug-jioint, 
'54.8.  The  atomic  weight  being  126.97,  the  molecule  contains  two 
IS,  This  value  for  the  density  remains  unchanged  when  the 
measurement  is  made  at  temperatures  np  to  about  700°.  Beyond  this 
point,   however,  tlie  vapor  diminishes  in   density  more  rapidly  than 
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Charles'  law  would  lead  us  to  expect,  and  at  1700°  the  molecular  weight 

has  falleu  to  127.  As  the  vapor  is  heated,  a  larger  and  larger  propor- 
tion of  the  molecules  is  broken  iii),  until  the  decomimsition  has  become 
complete.  As  in  all  oases  of  diswociation,  when  the  vapwr  is  fiooled  the 
atoms  reconsbine  to  form  nioletmles.  Tliia  chemical  action  ia  interest- 
ing,  since  it  is  the  most  notable  case  in  which  we  encounter  both  the 
monatomic  and  the  diatomic  forma  of  the  same  element.  The  heat 
given  out  when  the  atoms  reunite  to  form  the  molecules  is  very  con- 
siderable (21  f;i*  Ij  -f-  28,500  eal.),  indicating  that  the  chemical  union 
of  two  atoms  of  identical  nature  may  be  as  vigorous  aa  that  of  two 
atoms  of  different  chemical  substances.  The  monatomic  and  diatomic 
forms  of  ioiline  should  be  distinct  chemical  substances,  and  if  the 
investigation  of  the  behavior  of  the  former  were  not  hampered  by  the 
■very  high  temperature  at  which  alone  it  exists,  it  would  doubtless  be 
found  to  exhibit  diffcivnt  chejnical  jiroperties. 

lo<line  foniis  no  hydrate  with  water.  It  exhibits  little  tendem;y  to 
unite  with  hydrogen.  Iodine  unites  directly  with  a  niunlwr  of  ele- 
ments, including  some  non-metals  and  the  majority  of  the  metals. 
When  phosphorus  is  presented  in  the  yellow  form,  the  action  takes 
plaoe  spontaneously  without  the  assistance  of  heat.  Both  chlorine 
and  bromine  displace  iodine  from  combination  with  hydrogen  and  the 
metals  (2HI  -f*  Hr.j  —t  211  Br  -|-  l^).  The  action  may  be  brought  about 
either  with  the  substances  in  dry  form  or  with  their  aqueous  solutions. 

Io4iine  in  water,  like  chlorine  in  water,  constitutes  an  oxidizing 
agent,  although  the  former  is  much  the  feebler  of  the  two.  It  con- 
veits,  however,  sulphui'ons  acid  ('/.»'.)  into  sulphuric  acid.  The 
action,  so  far  as  the  iotline  and  the  water  are  concerned,  is  shown  by 
the  partial  equation 
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I, -l-H,0-.2HI(-(-0). 


ion  does  not  take  place,  however,  exc«pting  in  presence  of  a 
y  pjifiable  of  assisting  in  the  reduction  of  the  water  and  of  uniting 
with  the  oxygen.  In  analytical  cliemistry  a  solution  of  iodine  in 
potassium  iodide  containing  a  known  proportion  of  ioiline  (a  standard 
solution)  is  used  for  estimating  the  quantity  of  an  oxidisMible  suljstanee 
present  in  a  given  sjwcimen.  The  amount  of  oxidiiable  suli«tane« 
present  is  measured  by  the  quantity  of  the  standard  iodine  solution 
which  can  he  deTOlorizwl  and  suffer  removal  of  its  iodine.  This 
method  is  known  as  todlmetrj. 

Iodine  and  its  compounds  are  much  used  In  the  arts  and  medicine. 
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Iodine  is  applied,  in  the  form  of  an  alcoholic  solution  ("tinctiire  of 
iodine"),  for  the  reduction  of  some  swellings.  It  is  rBqiiired  in  mak- 
ing io<lofoini  (CHlj),  and  the  iodides  of  potassium,  rubidium,  and 
sodium,  whifli  are  used  iu  medicine,  Potassiiuiii  iodide  is  likewise  em- 
ployed in  the  maimfiU'tnre  of  photographic  plates.  Large  quantities  of 
iodine  find  application  in  the  color  industry  for  making  intermediate 
producjta  needed  in  the  mannfacture  of  aniline  and  other  organic  dyea. 

IIydbogex  Iodide. 

Freparatioit. — The  direct  union  of  hydrogen  and  iotline  cannot  be 
employed  in  preparing  pure  hydrogen  iodide.  The  union  takes  place 
slowly,  and,  since  the  action  is  markedly  reversible  {rf,  j*.  17'>),  always 
remains  incomplete:  Hj -|- Ijf^i  2HI.  In  presence  of  finely  divided 
platiniun  the  union,  so  far  as  it  is  capable  of  jiroceeding,  may  Ije 
hastened,  but  tho  amount  of  the  comiiound  formed  is  not  greater.  At 
'148°,  for  example,  79  per  cent  of  the  constituents  unite,  and  the 
remainder  is  unaffected  either  by  longer  heating  or  by  platinum.  At  i 
other  temperatures  the  proportion  \a  different,  but  at  none  Ls  the 
action  complete.  Hydrogen  and  iodine  unite  with  little  vigor  because 
the  union  is  not  accompanied  by  a  sufficiently  marked  liberation  of 
energy  (rf.  HCl,  p.  233),  Thus  at  18°  the  action  is  really  endothennal 
(—  6100  calories  for  HI),  and  at  400°,  although  the  action  is  exother- 
mal, only  636  calories  of  heat  ar«  set  free. 

The  action  of  concentrated  sulphuric  acid  upon  potassium  or  sodium 
iodide  is  equally  inapplicable.  In  tins  ease,  an  in  that  of  hydrogen 
bromide  (p.  231),  the  hydrogen  halide  reduces  the  sulphuric  acid,  and 
much  free  iodine  is  formed.  Here,  on  account  of  the  greater  instabil- 
ity of  liydrogen  iodide  and  the  greater  ease  with  which  it  pai-ts  with 
its  hydrogen,  the  reduction  of  the  snlphuiic  acid  is  much  more  com- 
plete, the  primary  product  being  apparently  hydrogen  sulphide.  The 
actions,  which  proceed  simidtaneously  (p.  1!31),  are: 

KI  +  HjSO^^  HI  -f.  KHSO.andH^SO,  +  SHI  ->  HjS  +  4H,0  +  41,. 

As  soon  as  the  heat  produced  by  the  action  has  raised  the  temperature 
suflSciontly,  hardly  any  of  the  hydrogen  iodide  escapes  oxidation.* 

1~  •  When  muck  Bulphuric  acid  is  u.setl,  sulphur  dioxide  and  free  sulplmr  are 

formed  also.  TUis  is  in  coiisequeuce  of  a  secondary  action  ot  tlie  liyrtrngeii  sulphidt 
oa  the  sulphuric  acid,  and  of  the  sulphur  dioxide  so  formed  upon  tbe  excess  ul 
hydrogen  sulphide  (aee  Hydrogen  sulphide)  : 


H^  +  H,SO,  -♦  2H,0  +  S  +  SO,, 


SO,  +  2H^  ^  3S  + 
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Finely  powdered  sodium  iodide  and  concentrated  phosphoric 
(r/.  p.  179),  when    mixed   imd  warmed,  give    pure   hydrogen   iodide 
(Nal  +  ll^PO.^Hll  +  NallaPO,).     This  action  was  formerly  used 
in  prejiai'iiig  the  gas. 

The  liest  method  is  one  Bimilar  to  that  described  under  hydrogen 
bromide.  Thoaphorus  and  iodine  unite  directly  to  form  PI,.  Tbia  i« 
n  yellow  sulid  which  in  violently  decomposed  by  water  a>nd  gives  phos- 
phorous acid  and  hydrogen  iodide  : 

PI,  +  3H/>  -+  P(OHj,  +  3HI. 

If  excess  of  water,  which  dissolves  hydrogen  iodide,  is  avoided^  the 
latter  goes  off  in  a  continuous  stream  in  a  gaseous  condition. 

Still  another  method  of  making,  hydrogen  iodide  is  frequently 
employed  when  a  solution  of  the  gas  in  water  is  required,  and  not  the 
gaa  itself.  I'owderetl  iodine  is  suspended  in  water,  and  hydrogen  sul- 
phide gas  ('/.«'.)  13  introduced  through  a  tube  in  a  continuous  stream. 
The  iodine  dissolves  slowly  in  the  water,  L  (solid)  j=i  I,  (diss'd),  and 
act.su[Kin  the  hydrogen  sulphide,  which  likewise  dissolves,  HjS  (gas)  j:± 
H,S  (diss'd).  Sulphur  separates  in  a  fine  powder,  S  (diss'd)  ^S 
(solid),  aiid  hydrogen  iodide  is  formed  in  accordance  with  the 
equation : 

H,S+I,-.2HI  +  S. 

This  action  takes  place,  however,  only  in  presence  of  water,  although 
the  water  does  not  appear  in  the  equation.  The  solutionis  freed  from 
the  deposit  of  sulphur  by  filtration,  and  may  Ije  concentrated  to  57 
per  cent  of  hydriodic  acid  by  distilling  off  the  water. 

The  theory  of  the  last  method  is  worthy  of  attention.  It  will  be 
seen  that  while  iodine  has  little  tendency  to  unit*  with  free  hydrogen, 
it  is  here  able  to  decompose  a  compound  containing  hydrogen,  in  order 
to  secure  this  element.  It  is  enabled  to  do  this  by  the  fact  that  the 
very  large  amount  of  heat  given  out  by  the  mere  solution  of  hydrogen 
iodide  in  wati-r  converts  the  action,  which  would  otherwise  Ik?  endotber- 
mal,  into  an  exothermal  one.  In  the  absence  of  water,  the  reverse  of 
the  above  action  takes  place  with  ease.  In  presence  of  water,  howevet, 
the  gi'Cat  heat  of  solution  (p.  164)  of  the  hydrogen  ioiiide  (  +  19,. 
200  cal,)  more  than  balances  the  heat  ateorbed  by  the  chemical  change, 
and  the  action  as  a  whole  takes  place  with  evolution  of  heat  (see,  also, 
Preparation  of  hydrogen  sulphide). 
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Phifnieat  Propertie*.  —  Hydrogen  i»»liiJe  is  a  oolorless  gas  with 
M.  sharp  tnlor.  Its  muteoulju-  weight  is  128,  aud  it  is  theti?fore  much 
heavier  than  air,  the  Arerage  weight  of  whose  molecules  is  38.*.)oa 
(p.  193).  It  is  a  nonL»Dductor  of  electricity,  both  in  the  gaseous 
and  in  the  liquefied  I'onditions.  It  is  exceedingly  soluble  in  water,  so 
that  at  0°  ten  grains  of  water  will  absorb  oiuety  gniins  of  the  gas,  giv- 
ing a  90  per  nent  solution.  The  behavior  of  this  solution  is  similar  tu 
those  of  hydrogen  chloride  and  hydrogen  broiuide  {ff.  pp.  182,  23-). 
The  mixture  of  constant  boiling-point  distils  over  at  127°  (at  "60  mm.), 
and  contains  57  per  cent  of  hydrogen  iodide. 


Chewni€tU  Fropeitir*.  —  Hydrogen  iodide  is  the  least  stable  of  the 
hydrogen  halides.  ^\'hfn  heated  it  begins  visibly  to  ttecomiKKse  into 
its  constituents  at  180=.  On  a*;couiit  of  tlie  esise  with  wliich  it  parts 
with  the  hjrdrt^D  which  it  c^^ntaius,  it  can  \x  burned  iu  oxygen  gas, 
40I  +  0j—-2HJ)  -J-2Ij.  When  tlie  gas  is  mixed  with  chlorine,  a 
violent  chemical  change,  accompanied  by  a  flash  of  light,  wcni-s,  the 
iodine  is  set  free,  aud  hydrogen  chloride  is  pi-oduced,  CL-f-2HI— > 
2HC1  +  I,.  Bromine  vapor  will  similarly  displace  the  iodine  from 
hydrogen  iodide. 


Chetuiral  Pfoffertte*  nf  ffffrlriorttr  Aritt.  —  In  most  respects 
the  aqueous  solution  Ix-havcs  exactly  like  hydrochloric  .lud  hydro* 
bromic  acid.  With  uxiilizing  agente,  for  example,  such  as  msuigancse 
dioxide,  it  gives  free  iodine,  jtist  !V»  the  others  i,'ive  free  chlorine  and 
bromine  respectively.  Here,  liowevcr,  the  oxidation  is  so  niucb  iuun> 
easily  carried  out,  that  it  is  slowly  effectetl  by  atmospheric  oxygen, 
so  that  hydriodic  acid  feft  exposed  to  the  air  gradually  becomes  brown 
(Oj  +  4HI  — ►SH.O  +  2Ij^).  The  free  iodine  which  is  piwluccd,  re- 
mains dissolved  in  the  hydrogen  iodide,  probably  in  the  form  of  a 
compound  HI^  Finally,  howei-er,  the  free  iodine  as  its  quantity 
becomes  greater,  and  that  of  the  hydrogen  iodide  smaller,  is  deposited 
iu  crystalline  condition.  On  iiecount  of  the  ease  witli  which  hydriodic 
acid  parts  with  its  hydrogen,  it  is  frequently  used  in  chemistry  as  a 
reducing  agent. 

Although  the  dry  gas  is  not  an  acid,  the  solution  has  all  the  onii- 
nary  properties  of  this  class  of  substances  (r/.  p.  92).  The  hydrogen 
may  be  displaced  by  metals  like  zinc  and  magnesium.  The  acid  inter- 
acts with  oxides  and  hydroxides,  forming  iodides  and  water. 
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The  discussion  of  this  elemeut  aliould  logically  have  preceded  that 
of  chlorme,  since  it  is  of  all  the  members  of  the  halogen  family  the 
most  active.  Clilorine  was  taken  up  first,  however,  l>ecuuse  its  com* 
pounds  are  more  familiar.  Fluorine  is  found  in  comhiiiation  in  nature. 
It  occurs  chiefly  iu  the  mineral  fluorite  (calcium  fluoride,  CaFj)  and  in 
cryolite,  a  doidjle  fluoride  of  aluminium  and  sodium  (AlF,,  3NaF). 


_tJT 
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Preparation.  —  When  a  solution  of  hydrofluoric  acid  is  heated 
with  manganese  dioxide,  oxidation  does  not  occur  and  free  fluorine  is 
not  produced.  Until  very  recently  all  efforts  to  isolate  the  element 
failed.     Ik  was  perfectly  understoocl  that  the  reason  of  these  failures 

lay  in  the  greater  chemical  artivity  of  fluor- 
ine, which  made  it  more  difficult  of  separa- 
tion from  any  state  of  combination  than 
the  other  halogens.  Its  preparation  was 
JlilL  ,i-P^  linally  achieved  V>y  Moissan  (]88(>)  by  the 

1  B^  Y — I  decomposition  of  anhydrous  hydrogen  fluor- 

I     I  ide,  which  is  liquid  below  19",  by  means 

^^"g     I  f  "*     of  electricity.     The  apparatus  (Fig.  71)  is 

made  of  copper,  which,  after  receiving  a 
thin  coating  of  the  fluoride,  is  not  further 
affected.  To  reduce  the  tendency  to  chem- 
ical union,  the  whole  is  imtnersed  in  a  bath 
giving  a  tem])erature  of  —  23'.  The  elec- 
trodes are  made  of  an  alloy  of  platiiuim  and 
iridium,  which  is  the  only  substauce  that 
can  resist  the  action  of  the  fluorine  when 
freshly  liberated  by  the  electric  current. 
Hydrogen  fluoride,  like  other  hydrogen 
halides,  is  a  nonconductor  of  electricity,  and 
a  small  quantity  of  potassium  fluoride  hiw  to  be  added  to  enable  the 
current  of  electricity  to  pass.  The  fluorine  is  set  free  at  the  positive 
electrode,  and  hydrogen  appears  at  the  negative.  The  U-tube  is  closed 
after  tlie  introduction  of  the  hydrogen  fluoride  by  means  of  blocks  made 
of  calcium  fluoride,  which  is  naturally  unable  further  to  enter  into  com- 
bination with  fluorine.  For  the  reception  and  examiiuition  of  the 
fluorine  gas,  other  copper  tubes  can  I*  screwed  on  to  the  side  necks  of 
the  apparatus^  and,  when  necessary,  small  windows  of  calcium  fluoride 
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can  be  provided.     It  has  Iwen  found  that  fluorine  dried  with  extraor- 
dinary precautions  is  without  action  on  glass. 

Fhf/sical  Properfleti.  —  Fluorine  is  a  gas  whose  color  is  like  that 
of  chlorine,  but  somewhat  [mint.  Its  density  hits  not  been  measured 
with  great  exactitude,  but  the  value  obtained  indicates  a  molecular 
weight  of  38,  showing  that  there  are  two  atoms  in  the  molecule  (the 
atomic  weight  is  19).  The  gas  is  the  most  difficult  of  the  halogens  to 
liquefy.     The  liquid  boils  at  —  18(>°. 

Chemical  Froperfieg.  —  Fluorine  unites  with  every  element,  with 
the  exception  of  oxygen,  and  in  many  cases  does  so  with  such  vigor 
that  the  union  begins  spontaneously  without  the  assistance  of  external 
heat.     Dry  platinum  and  gold  are  the  elements   least   affected.      It 

t explodes  mth  hydrogen  at  the  oi-dinary  temperature,  without  the 
assistance  of  sunlight.  Fluorine  displaces  oxygen  from  water  instan- 
t&neousty  and  gives  owme  {q.v.).  On  the  introduction  of  a  drop  of 
crater  into  a  tul)e  of  fluorine  Uie  vessel  is  filled  with  the  deep-blue 
ga8,3F,  +  3H,0^3H,F.  +  0.. 
The  chlorine  in  hydrogen  chloride  is  displaced  by  fluorine  aa  easily 


HTDROGEJf    Fldoride, 


Preparation, —  Pure,  drj'  hydrogen  fluoride  is  best  made  by  heat- 
ing potassium  hydrogen  fluoride,  2KHFjp3  2KF  +  H,jF,  |.  For 
ordinary  purposes,  however,  the  preparation  of  an  aqueous  solution  ia 
the  ultimate  object.  Usually  powdered  calcium  fluoride  is  treated 
with  concentrated  sulphuric  acid,  and  the  mixture  distilled  in  a  plat- 
inum retort : 

CaF,  -I-  H,SO,  ^  CaSO^  +  H.P,  t- 

The  hydrofluoric  acid  passes  over  and  is  cauglit  in  distilled  water. 
The  aqueous  solution  thus  obtained  has  to  lie  kept  in  vessels  made  of 
lead,  rubber,  or  [laraffin,  as  glass  interacts  with  the  acid  with  great 
rapidity  (see  below). 

Phjfftieal  Pt'opertiet),  —  Hydrogen  fluoride  is  a  colorless  liquid, 
boiUng  at  19.4°.  It  mixes  freely  with  water,  and,  on  distillation,  an 
acid  of  constant  boiling-point  (120°  at  760  mm.)  coutaitiing  35  per 
cent  of   hydrogen  fluoride  is  obtained.      The   vapor   density  of   the 
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hydrogen  fluoride  between  its  boiling-point  and  30°  corresponds  to  a 
molecular  weigiit  of  40,  and  the  formula  should  therefort<  lie  HjF,. 
Above  this  temperature  the  vapor  Ijeeomes  lighter  (p.  207),  and,  when 
88°  is  reached,  the  molecular  weight  has  fallen  to  20,  corresponding 
to  the  formula  HF. 


■ 


* 


Association.^  Many  compounds  resemble  hydrogen  fluoride  in 
seeming  to  consist  of  niolecnles  which  are  multiples  of  the  simplest 
possible.  This  is  spoken  of  as  indicating  a  tendency  to  aBBOciatdon.* 
Thus,  sulphuric  atnd  and  nitric  acid  iu  the  liquid  condition  are  com- 
posed of  more  complex  aggregates  than  H,SO<  and  HNO,.  Even  water 
is  largely  (H^O),  or  even  (HnO),,  although  the  vapor  is  lt,0.  In  such 
eases  dmnofiiition  into  the  simpler  molecules  takes  place  gradually  as 
the  teuiperatiiie  is  raised.  Sometimes  this  douljling  up  of  molecules 
is  called  polymerlzatioit. 

In  cases  of  association  the  observed  molar  weights,  at  low  tem- 
perature, are  multiples  of  the  smallest  possible  molar  weight  required 
for  the  simplest  formula  (in  above  instance,  HF).  But  many  sub- 
stances naturally  possess  formulie  which  are  multiples  of  the  simplest 
without  showing,  as  the  temperature  is  raised,  any  tendency  to  pro- 
gressive dissociation  into  the  corresponding  simplest  molecules.  Thus, 
acetylene  (p.  204)  is  Cjllj  at  all  temperatures,  and  acetic  acid  (<?.".), 
although  it  is  associated  to  CjIIgOj  at  its  boiling-point,  never  becomes 
simpler  than  C,H40j  at  any  temperature. 

Cheniteat  Pvopet'fieM  of  Ifi/tlrnfliioflc  Acid,  —  Metals  like  zinc 
and  magnesium  interatH;  with  hydrofluoric  acid  \s-ith  evolution  of 
hydrogen.  The  action  is  less  violent  than  with  other  halogen  acids. 
The  acid  interacts  with  oxides  and  hydroxides,  forming  fluorides. 
The  chief  difference  in  this  respect  which  it  exhibits,  when  compared 
with  the  other  halogen  acids,  is  one  which  we  should  expect  from  its 
formula,  HgFj.  We  may  displace  either  one  or  both  the  hydrogen 
atoms  in  the  molecule  with  a  metal.  Thus,  one  of  the  cjuiimonest  salts 
of  hydi'ofluorie  acid  is  potassium  hydrogen  fluoride  KHF,  mentioned 
above,  KOH  +  H^Fj— *KHFj  -1-  H,0.  In  this  respect  the  aiiid  re- 
sembles sulphuric  acid  and  other  acids  contJiining  more  than  one 
replaceable  hydrogen  unit.  Salts  in  which  a  {jorfcion  of  the  acid 
hydrogen  still  remains  undisplaced  are  spoken  of  as  add  salts. 

*  Tbu  elementary  substances  show  similur  behavior  (pp.  2QS,  306). 
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The  moat  remarkable  proijerty  of  hydrolluoric  acid  depends  on 
the  great  tendeuey  whiuh  fluorine  has  to  uuite  with  ailieon,  forming  ' 
the  gaseous  siliuon  tetrafluoride.  Glass,  which  is  comiuonlj  made 
by  fusing  togfther  sodium  carbonate,  calfiuiu  oxide,  and  sand  (silicon 
dioxide),  is  a  mixture  of  silicates  of  ualuium  and  sodium,  and  is 
rapidly  decomposed  by  hydrofluoric  acid.  The  nature  of  the  change 
is  shown  by  the  two  following  equations  i 

CaSiO,   +3H,Fa->SiP,  4-  CaF,   +  3H,0, 
NftjSiOj  +3H,F,-^SiF^  +  2NaF  +  3H,0. 

AH  other  silicates  are  decomposed  according  to  the  same  plan.  The 
silicon  tetrafluoride  passes  off.  The  fluorides  of  cakiuau  and  sodium 
are  solid  and  crumble  away  or  dissolve.  Thus  the  glass  is  completely 
disintegi'ated.  The  vajjor  of  hydrofluoric  acid,  generated  in  the  way 
described  above  fiom  calcium  fluoride  in  a  luail  dish,  is  used  for  etch- 
ing glass.  The  surface  of  the  glass  is  eovereil  with  paraffin  to  protect 
it  from  the  action  of  the  vapor,  and  with  a  sharp  instrument  poi-tiona 
of  this  parattin  are  removed  where  the  etcliing  effect  is  dejjired.  The 
vapor  gives  a  rough  surface  where  it  encounters  the  glass.  The 
iiqueous  solution,  which  may  also  be  employed,  makes  smooth  depres- 
sions on  the  surface.  The  acid  is  also  used  in  the  analysis  of  minerals 
containing  silicates,  which  frequently  are  not  attacked  by  other  acids. 

Thk    HALOQENii    AS    A    I^'aMH.Y. 


It  may  be  useful  here  to  bring  together  some  of  the  facts  in  regard 
to  the  halogens  and  their  compounds  by  way  of  showing  more  clearly 
how  far  tliey  resemble  one  another,  and  in  what  ways  they  differ. 
The  most  noticeable  fact  is  that,  if  we  arrange  them  in  order  in  respect 
to  any  one  property  chemical  or  physical,  the  other  properties  "will 
be  found  to  place  them  In  the  same  order.  Thus,  if  we  consider 
(1)  the  physical  properties,  we  find  tiiiit  the  color  deepens  as  we  pass 
from  fluorine  through  chloritie  ami  bromine  to  iodine.  The  speeitic 
gravities  of  the  eletuents  increase  in  the  same  order.     The  volatility 

[of  the  elements  decreases  in  the  same  way  —  fluorine  being  the  hard- , 
est  to  liquefy,  while  i(xline  is  a  solid  and  boils  at  a  fairly  high  tem- 
perature. (2)  In  their  chemical  behavior,  when,  for  example,  they 
unite  with  the  metals  and  hydrogen,  the  vigor  of  the  action  is  greatest 
with  fluorine  and  diniinislies  progressively  until  we  reach  iodine. 
We  shall  see  Liter  that  the  alfinity  for  oxygen,  on  the  other  hand, 
incri'tises  as  we  pass  from  fluorine  to  iodine. 
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(3)  The  relations  of  these  elements  in  combination  show  that  they 
are  all  univalent  in  respect  to  union  with  hydrogen  and  metals.  In 
their  oxygen  compounds  (q.v,),  however,  they  frequently  exhibit  a 
higher  valence.  The  compounds  which  they  form  with  any  one  ele- 
ment are  usually  very  similar  to  one  another.  All  the  hydrogen  com- 
pounds, for  example,  become  acids  when  dissolved  in  water.  The  most 
noticeable  lack  of  harmony  in  this  group  is  observed  when  we  consider 
the  solubilities  of  the  corresponding  compounds.  Thus,  the  potafisinm 
salts  are  all  soluble  in  water.  Silver  chloride,  bromide,  and  iodide 
are  almost  insolvible,  the  amount  dissolved  decreasing  in  that  order. 
Silver  fluoride,  however,  is  quite  soluble.  Calcium  chloride,  bromide, 
and  iodide  are  all  very  soluble,  while  calcium  fluoride  is  almost  com- 
pletely insoluble. 

It  will  be  noted  that  the  order  in  which  the  elements  are  thus 
plained  by  consideration  of  most  of  their  properties  is  the  order  of 
increasing  atomic  weights  (see  Periodic  system). 


GOHPOVNDB   OF   THE    HaloOKNS    WITH    EaGH   OtHEB. 


We  have  incidentally  mentioned  the  fact  that  iodme  unites  with 
chlorine  to  form  a  definite  compound.  In  reality  there  are  two  such 
compounds.  The  most  familiar  is  &  red  crystalline  substance  having 
the  composition  ICl.  Another  compound,  ICl,,  is  made  by  the  use 
of  excess  of  chlorine.  Iodine  unites  with  bromine  to  form  the  com* 
pound  IBr,  while  a  compound  with  fluorine,  to  which  the  composition 
IFj  has  been  assigned,  is  supposed  to  exist.  None  of  these  compounds 
are  particularly  stable,  and  some  of  them  decompose  very  easily.  It 
is  frequently  stated  that  elements  which  resemble  one  another  chemi- 
cally show  little  tendency  to  chemical  union.  Yet  in  the  case  of 
IBr,  for  example,  the  tetideucy  to  decompose  into  the  elements 
(21Hr— +I3 -f- Brj)  nmst  be  interprete<l  as  meiining  that  the  iodine 
and  bromine  prefer  to  unite  with  themselves  to  form  the  molecules 
I,  and  Br,  rather  than  with  one  another.  In  view  of  this  the  al»ve 
remark  loses  some  of  its  point,  for  an  element  certainly  resembles  itself 
more  than  it  does  any  other,  and  the  compounds  Cl^  H„  etc.,  are 
amongst  the  must  stable  that  we  know. 

Exercines.  —  1.  What  impurities  is  commercial  iodine  likely  to 
contain  ?  In  what  way  does  heating  with  potassium  iodide  (p.  234) 
free  it  from  these  ? 
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2.  Classify  all  the  chemical, actions  in  this  chapter  according  as 
they  belong  to  one  or  other  of  the  ten  kinds  (p.  187). 

3.  Explain  the  condensation  of  atmospheric  moisture  by  the  hydro- 
gen halides  (cf.  p.  162). 

4.  Tabulate,  more  fully  and  specifically  than  is  done  in  the  section 
on  "The  Halogens  as  a  Family,"  (a)  the  physical  properties,  {b)  the 
chemical  properties,  (c)  the  chemical  relations,  of  the  members  of 
this  group. 

6.  Construct  the  equation  on  p.  234  by  the  use  of  partial  equations 
as  in  the  example  on  p.  229. 

6.  Using  the  method  given  on  p.  229,  construct  a  single  equation 
for  the  formation  of  iodine,  water,  and  hydrogen  sulphide  directly  from 
potassium  iodide  and  sulphuric  acid. 
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CHAPTER   XV 
CHBMICAIi  QQUILIBRinM 

In  spite  of  its  formidable  title,  this  ohapter  will  introduce  nothing 
novel.  Its  purpose  is  to  coUent  together  and  organize  more  definitely 
a  number  of  suattered  facts  and  ideas  which  have  already  come  up  in 
various  connections.  On  this  account,  however,  it  will  be  all  the  more 
necessary  for  the  reader  to  refresh  his  remembrance  of  theise  facta 
and  ideas  by  re-reading  the  pages  to  which  reference  may  be  made. 

Reversible  Action tt.  —  In  discussing  the  union  of  hydrogen  and 
iodine  (p.  237),  it  was  stated  that  the  progress  of  the  action  ceases 
while  j'et  a  large  amount  of  l/oth  the  substances  necessary  for  its  main- 
tenance still  remains  available,  Now  the  materials  left  over  are  pre- 
sumably no  less  <^ii[iable  of  uniting  than  the  parts  which  have  already 
united.  The  solution  of  this  mystery  lies  in  the  fact  (p.  239)  that 
decomposition  of  the  compound  can  begin  at  180°,  and  therefore  takes 
place  actively  at  448".  Hence  the  product  of  the  uniou  must  begin 
to  dissociate,  in  part  at  least,  as  soon  as  any  of  it  is  formed.  Thus 
two  changes,  one  of  which  undoes  the  work  of  the  other,  must  go  on 
simultaneously.  In  consequence  of  this,  neither  can  i-each  comple- 
tion. As  we  shouhl  expect,  experiment  shows  that  it  nmkes  no  differ- 
euce  whether  we  start  with  the  elements  or  with  the  conipound ;  the 
proportions  of  the  materials  found  in  the  tube,  after  it  has  been  heated 
for  a  sufScient  length  of  time,  are  in  botli  eases  the  same.  A  general 
statement  may  be.  fomnled  on  facts  like  this,  to  the  effect  that  a  chem- 
ical action  roust  remain  more  or  less  incomplete  when  the  reverse 
action  also  takes  place  under  the  same  conditions  {c/.  p.  35).  Two 
arrows  pointing  in  opposite  directions  are  used  in  equations  repre- 
senting reversible  changes :  * 

H,-(-I,v^2HI  or  2HIfz*Hj-|-Ij. 

It  will  be  observed  ihat  representing  reversible  actions  by  equations  involves 
B  departm'e  from  the  original  meauinf;  of  ao  equaliou.    Tlius  at  44^°,  80  per  cent 

*  The  reader  mu»t  avoid  the  ide«  that  a  reversible  action  ia  one  wtik'h  goes  to 
completion,  and  then  tudh  back  to  a  certain  extent.  Tliis  conception  would  be 
contrary  to  the  fact,  and  opposed  to  the  principles  of  energelica,  an  well  us  iuex 
plicBble  by  the  kinetic  hypothesis 
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of  the  Bubiitaiicei  are  in  Ihe  (oi  ui  III  and  20  per  cent  in  Itie  uncombined  8t»te: 

(BO'/i)  2111 P3  H,  +  I,  (20%). 
In  olber  words,  the  amonuts  of  matter  on  the  two  irides  are  not  equal.  Each  aide, 
taken  separately,  shows  correctly  the  proportion  used  in  tlie  ltit«riictic)ti  for  wliicii 
It  stands,  however,  llence  the  equation  in  a  reversible  action  profeBses  to  show 
quantitatively  the  chuige  which  would  occar  if  each  of  the  tw»J  opposed  actions  it 
Includes  were  to  be  allowed  septiratt'ty  lo  proceed  to  completion. 

The  follnwiiig  are  soino  other  examples  of  actions  of  the  same 
kind:  (1)  The  interai'tiona  of  sulphuriu  acid  and  sodium  chloride 
(p.  1T9),  imd  (2)  of  chlorine  and  water  (p.  1T6),  which  were  fully 
discossed  at  the  time;  {H)  that  of  equivalent  amounts  of  irou  and 
water,  or  of  magnt^tic  oxide  of  iron  iind  hydrogen  (p.  110),  which  does 
not  proceed  to  completiou  iu  either  direction  when  either  set  of  mate- 
rials is  sealed  up  in  a  tube  and  heated ;  ( 4)  the  behavior  of  barium 
peroxide  (p.  63),  of  hydiatcs  (p.  1-0),  of  iodine  vapor  (p.  205),  of 
water  vapor  (p.  119),  of  sulphur  vapor  (p.  206),  of  phosplioras  vapor 
(p.  205),  and  of  mercuric  oxide  (pp.  62,  77), 

When  the  action  is  one  which  is  itjveraible,  but,  under  the  circum- 
stances being  discussed,  proceeds  far  towards  completion  iti  one  direc- 
taon,  the  arrow  wiU  be  m<xUfied  to  indicate  this  fact; 
CL,  +  H,0  ts  HCl  4-  HCIO  (p.  176). 

When  this  relative  completeness  is  due  to  precipitation  or  volatiliza- 
tion^  the  fact  will  be  indicated  by  vertical  aiTows : 

XaCl  +  11,80,  s^NaH SO,  -|-  HCl  [  (p.  178). 
NaCl]+  lijSOjt^NaHSO,  -|-  HCl  (p.  179). 

All  chenucal  actions  do  not  belong  to  this  class.  Many  proceed 
uninterruptedly  to  exhaustion  of  one,  or  all,  of  the  ingredients.  For 
example,  equivalent  amounts  of  maf^iiesium  and  oxygen  combine  com- 
pletely (2Mg -j- Oj  — *2MgO).  Here,  however,  the  prtiduct  is  not 
decomposed  even  at  the  white  heat  produced  by  the  vigor  of  the  union. 
Indeed,  magnesium  oxide  canuot  be  decomposed,  and  the  action  re- 
versed, at  any  temperature  we  cjui  ooimnand.  The  other  complete 
actions  are  so  because  they  are  likewise  irrevei'sible. 

CheiniBU^  now  look  upon  reversibility  as  heing  the  normal  property  of  all  chem- 
ical changes.  They  consider  tlie  lack  of  obvious  incompleteness  sui  bwng  due  to 
the  very  small  degree  to  which  the  reverse  action  can  occur  under  the  given  coa- 
diUons,  rather  than  to  the  entire  absence  of  any  reverse  action. 

Kinetic  Ejrptftnation.^- Restaktin^   these  facta    in  terms  of   the 
aetic  hypothesis  will  enable  us  to  reason  more  clearly  about  this 
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variety  of  chemical  change.  Suppose  we  start  with  the  materials  rep- 
resented on  one  side  of  such  an  equation.  The  molecules  of  these 
materials  will  encounter  one  another  frequently  in  the  course  of  their 
movements.  In  a  certain  jiroportion  of  these  colUsions  the  nheniieal 
change  will  take  place.  In  the  carUest  stages  there  will  be  few  of  the 
new  kind  of  molecules,  hut,  as  the  action  goes  on,  these  wiU  Increase 
in  quantity.  There  will  be  two  consequencies  of  this.  In  the  first 
place  the  parent  materials  will  diminish  in  amount,  the  collisions 
between  their  molecules  will  become  fewer,  and  the  speed  of  the  for- 
ward action  will  therefore  become  less  and  less.  In  the  second  place 
the  increase  in  the  numl>er  of  molecules  of  the  products  will  result  in 
more  frequent  collisions  between  them,  in  more  frequent  occurrence  of 
the  chemical  chanjje  which  they  can  undergo,  and  thus  in  an  increase 
in  the  speed  of  the  reverse  action.  The  forward  actiori  decreases  in 
speed  progressively ;  the  reverse  action  increases  in  ajieed.  Finally 
the  two  speeds  must  become  equal,  and  at  that  point  perceptible 
change  in  the  condition  of  the  whole  must  cease. 

The  most  immediate  itifei-ence  from  this  mode  of  viewing  the 
matter  is,  that  tlie  apjiarent  Imlt  in  the  progress  of  the  action  does 
not  indicate  any  cessation  of  either  chemical  change.  Both  changes 
must  go  on  in  consetjuence  of  the  continued  encounter  of  the  proper 
molecules.  13ut  sine«  they  prtweed  with  equal  speed  they  produce  no 
alteration  in  the  mass  aa  a  whole.  In  fact,  the  final  state  is  one  of 
eipiilibriiim,  and  not  of  repose.  Hence,  chemical  changes  which  ate 
reversible  lead  to  that  condition  of  seemingly  suspended  action  which 
we  speak  of  as  obeinlcal  equilibrium.  The  changes  themselves  are 
called  reversible,  or,  since  tliey  represent  a  state  of  balance  between 
opposing  tendcncius,  balanced  actions. 

Tlie  detailed  discussion  of  the  relations  of  liquid  and  vapor  (]>p.  117, 
135),  of  ic«  and  wat-er  (ji.  115),  and  of  saturated  solution  and  undis- 
solved solid  (pp.  15'J,  1<)0),  litpaid  or  gas  (p.  154),  has  ali-catly  famil- 
iarized us  with  this  term  a!id  its  significance.  Hy  the  use  of  the 
kinetic  hyimthesis  we  can,  in  fact,  apply  the  very  same  sets  of  ideas 
to  the  discnssion  of  any  kind  of  reversible  phenomena. 

When  this  is  dcmc  for  iwersilile  chemical  .actions  we  perceive  that 
two  circumstances,  in  particular,  are  likely  to  liave  a  noteworthy  effect 
in  the  promotion  or  retardation  of  a  given  chemical  change.  These 
are  the  homogeneity,  or  the  reverse,  of  the  mixture,  and  the  molecular 
concentration  of  each  component. 
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The  Tnfluenee  of  JfomogeneoHs  yfixtttre.  —  Evidently  the  inter- 
action of  substances  will  be  greatly  favored  if  they  are  capable  of 
remaining  intimately  mixed.  When  this  is  the  ease,  as  in  gaseous 
or  liquid  mixtures,  every  molecule  has  an  equal  opportunity  freely  to 
encounter  every  other  molecule.  On  the  other  hand,  when  one  sub- 
stance is  a  liquid  and  the  other  a  gas  not  especially  soluble  in  the 
liquid,  or  when  one  is  a  liquid  and  the  other  a  solid  suspended,  but 
not  dissolved,  in  the  liquid,  or  when  they  are  solid  and  gas  respec- 
tively, the  chances  for  mutual  encounters  between  the  two  different 
kinds  of  molecules  will  be  very  notably  restricted.  Thus  the  progress 
of  an  action  between  inhoraogeueously  mixed  bodies,  otherwise  capable 
of  interaction,  must  be  greatly  affected  by  purely  physical  ciruum- 
ataneea.  Some  of  the  remarkable  consequences  of  this  were  discussed 
fully  in  connection  with  the  preparation  of  hydrogen  chloride  (p,  179), 

TJie  Infiuence  of  Molecular  Concentration.  —  Even  when  the 
mixture  is  homogeneous,  a  second  factor  will  affect  the  action,  The 
frequency  of  the  encounters  amongst  a  given  set  of  molecules,  result- 
ing in  a  definite  chemical  change,  will  evidently  depend  entirely  upon 
the  degree  to  which  they  are  concentrated  in  each  other's  neighborhood. 
Larger  amounts  of  one  of  the  materials,  for  example,  will  not  result 
in  more  rapid  chemical  action  in  the  sense  which  this  material  favors, 
if  the  larger  atuount  of  material  is  also  scattered  through  a  larger 
space,  Chemical  changes  of  this  kind,  therefore,  are  not  accelerated 
by  increasing  the  mere  quantity  of  any  ingredient,  but  only  by  increas- 
ing the  conceotratton  of  its  moleenlei.  Hence,  in  practice,  we  find 
that  the  distribution  of  the  molecules  in  a  system  which  has  reached  a 
state  of  equilibrium  is  at  once  affected  if  wc  alter  the  molecular  con- 
oentration  of  any  of  its  components.  Thus,  if,  in  the  action  of  hydro- 
gen upon  iodine,  we  introduce  into  thr  same  spare  an  extra  amount 
of  hydrogen,  this  facilitates  the  formation  of  hydrogen  iodide  by  in- 
creasing the  possibilities  of  encounter  between  hydrogen  and  iodine, 
while  at  the  same  time  it  does  not  affect  ((•/".  p,  88)  the  numl>er  of 
encounters  in  a  given  time  between  hydrogen  iodide  molecules  which 
result  in  the  reverse  transformation.  The  proportion  of  hydrogen 
iodide  formed,  therefore,  from  a  given  amount  of  iodine  will  be 
greater,  although  the  potential  maximum  has  not  been  altered  since 
the  quantity  of  one  ingredient  only  has  been'  increased.  The  intro- 
duction of  an  excess  of  iodine  would  have  had  precisely  the  same. 
,  effect. 
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It  is  easy  to  illustrate  this  experimentally.  If  ferric  chloride 
and  amtnoniuiu  thiocyanate  are  mixed  iu  aqueous  solution,  a  liijuid 
containing  the  aoluUle,  blood-red  ferrio  thiocyanate  is  produced ; 
FeCl,  +  3NH,CNS;ziFe(CNS)i,  +  3NH/n.  The  action  is  a  rever- 
sible one.  Now,  if  the  two  just-named  salts  are  mixed  in  very  dilute 
solution  in  the  proportioDs  required  by  the  equation,  say  by  adding 
20  CO.  of  a  deei-nornial  solution  (p.  149)  of  each  tfl  several  liters  of 
water,  a  pale-reddish  solution  is  obtained.  When  this  is  divided 
into  four  parts,  and  one  is  kept  for  reference,  the  addition  of  a  little 
of  a  concentrated  solution  of  ferric  chloride  to  one  j;tr,  and  of  arorao- 
ninia  thiocyanate  to  another,  will  be  found  to  deepen  the  color  by 
producing  more  of  the  ferric  thiocyanate.  On  the  other  hand,  nvix- 
ing  a  few  drops  of  concentrated  ammonium  chloride  solution  with  the 
fourth  portion  will  be  found  to  remove  the  color  almost  entirely  on 
account  of  its  influence  in  accelerating  the  backward  change. 

We  may  state  (see  below)  as  a  general  principle  that,  in  reversible 
Actions  between  sul)stances  in  homogeneous  mixture,  the  amount  of  a 
cbetnical  dkange  taking  plaoe  in  a  given  time  ^rill  be  dependent  upon 
the  molecular  concentration  of  each  in^edient.  It  will  also  naturally 
depend  upon  the  IntrlnBic  a£Qnity  {i-f.  \>.  111).  It  will  likewise  vary 
with  the  temperature,  since  the  affinity  is  affected  by  change  ia  tem- 
perature. 

The  phrase  "  active  maas  "  1b  Bometlnies  employed  Instead  o(  the  words  "  molec- 
ular concenlrntion,"  It  is  scmiewliat  uxisleadiiiK,  hnwuver,  for,  as  we  have  seen, 
it  is  mil  nn  the  inass  of  a  subHianne,  but  ou  the  quantity  nf  it  In  a  given  volume, 
that  the  speed  uf  the  action  depeuda. 

Law  Connertlng  Molerular  Concent raUtut  ami  Speed  of  Ue- 
nefioM.  —  These  principles  must  now  be  stated  in  somewliat  more  pre- 
cise terms.  We  confine  our  attention  to  homogeneous  mixtures,  ja 
the  first  place,  and  to  non-reversib!e  actions. 

The  concentration  of  the  molecules  is  usually  expressed,  for  each 
sub-rtance,  in  terms  of  the  ituniber  (whole  or  fractional)  of  mo/rs 
(gram-molecular  weights,  p.  197)  of  the  substance  contained  in  a  liter 
of  the  whole  mixture.  There  is  the  same  number  of  molecules  in  a 
mole  of  every  substance,  namely,  the  nundjer  of  molecules  in  32  g.  of 
oxygen  (ef.  p.  199).  Hence  the  number  of  moles  per  liter  defines  the 
concentration  of  the  substanr'e  in  terms  of  this  number  of  molecules 
in  a  liter  as  the  unit  of  concentration. 

Thus,  in  a  solution  containing  25.4  g.  of  free  iodine  (^^  of  a  formula 
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weight,  Ij)  per  liter,  the  solution  is  0.1  molar  (p.  149),  and  the  molec- 
ular confenti'utioii  of  the  iodine  is  0.1.  When  the  substance  is  a  gas, 
the  concentration  of  the  molecules  is  proportional  to  the  partial  press- 
ure of  the  gas.  Now,  one  mole  of  a  gas  occupies  22.4  liters  at  one 
atmosphere  pressure  (and  0").  Hencei  when  one  mole  of  a  gas  is  Lion- 
tained  in  1  liter,  and  its  molecular  concentration  is  therefore  1,  it  exer- 
cises 22.4  atiuospheres  partial  pressure.  When  the  partial  pressure  of 
one  gas  in  a  mixture  is  two  atmospheres,  its  molecular  coacentratiou  is 


^^-^  or  0.09. 


* 


In  an  action  of  the  form  A  +  Ji ~*  C  +  D,  let  r^  iuid  Cj  represent 
the  numljer  of  moles  per  liter  of  the  materials  A  ajid  />',  respectively, 
at  any  stage  of  the  intera<?tiori.  Then  the  speed  {S)  of  the  forward 
airtion,  expressed  in  moles  of  A  and  li  transformed  per  unit  of  time 
(say,  per  hour),  is  found  to  be  defined  by  the  relation  <•,  x  c,  X  i^  =  & 
Of  course  p,  and  c,  (and  therefore,  also,  .S')  diminish  steadily,  for  the 
materials  A  and  B  are  being  progressively  used  up.  S,  therefore,  at 
any  moment  is  the  amount  which  would  be  transformed  if  the  concen- 
trations present  at  that  moment  were  artificially  maintained  during  the 
■"whole  hour.  ^''expTesBes  the  intrinsic  activity  (affinity)  propelling  the 
action,  which  is  indepeiulent  of  eonceutnition.  If  uuit  concentrations 
are  taken,  r,  =  c^  —  1,  and  therefore  F=  ,S.  Thus  F,  the  activity,  is 
always  represeutetl  numerieally  by  the  speed  iu  moles  per  unit  of  time 
when  the  concentration  of  each  ingredient  is  unity.  For  rapid  actions 
a  shorter  unit  of  time  than  the  hour  may  be  used. 

In  practice  the  value  of  F  for  any  action  can  easily  be  determined, 
because  c„  a,,  and  S  can  lie  measured.  As  a  check  on  the  results, 
different  concentrations  will  be  used  at  the  same  temperature,  and  the 
amounts  transformed  in  measured  times  will  be  observed  in  each 
case.  We  can  then  calculate  from  the  data  of  each  set  the  speed 
(moles  transformed  per  huur  or  minute^  which  would  be  shown  by 
constantly  maintained  unit  concentrations  of  the  materials.  The 
answers  are  the  values  of  F  based  upon  different  concentrations  of  the 
same  substances,  and  they  agree  closely  with  one  another.  The  values 
of  F  for  several  different  chemical  actions,  however,  may  differ  widely, 
and  are  measures  of  the  relative  activity  of  each. 

If  the  action  is  more  complex,  tlie  same  prinQiplea  Slppiy,  Tliua,  if  an  expres- 
sion for  ttie  speed  of  the  action  ^A  +  SB  +  C  — *  U  +  i  la  required,  we  mimt  con- 
sider this  eijuivaleut  lo  A  +A  +  S  +  B  +  B+C—*D+E,  Here  tlie  speed 
forwards  (S)  =  c,  x  (h  x  Cj  x  c,  X  c,  >c  c,  x  F,  or  c,^/e,^4=  S. 

It  need  hardlj  be  added  thai, clearly,  when  the  coiicenti'alion  of  any  Ingredient 
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becomes  zvia  (say  by  all  of  it  entering  into  conibinsuioD),  or  when  the  affinity 
zaro,  the  spe^  S  uiiutt  become  teru,  tliat  is  to  say,  no  action  taltes  place. 

The  relation  of  the  theoretical  speed  with  constant  concentration, 
used  ill  the  above  formulae,  to  thiit  whieh  is  observed  with  diiniiiislung 
tioncentration  is  rather  complex.  .  For  an  action  of  the  form  A —^  B  +  C, 
where  the  change  in  only  one  molecule  constitutes  the  action,  if  c,  is 
the  initial  molecular  concentration  of  A,  and  x  is  the  fraction  of  this 
which  is  transformed  in  the  time  t, 


I 


S  =  log. 


-i-t. 


When  two  molecules  have  to  interact,  the  formula  is  still  more  com- 
plex. If  the  8ul>staiice3  are  present  in  equivalent  proportions,  their 
molecular  cnucentratious  in  this  special  case  are  alike,  and  may  each 
be  represented  by  c,.     The  relation  is  then : 


4 


s  = 


-*■  t. 


The  mathematical  derivation  of  these  relations  will  be  found  in  any 
work  on  physical  cbeiaistry. 

The  lair  of  molecular  concentration  is,  therefore  :  In  every  cbeml- 
oal  experiment,  the  speed  of  the  action  at  any  moment  is  proportional 
to  tbe  first,  or  some  higher  pother  of  the  molar  concentratlOQ,  for  the 
time  being,  of  each  interacting  subBtanoe,  and  to  the  affinity  at  work. 

The  following  ilhistrAtion  (see  also  Sulphurous  acid)  will  make  all 
tliis  clearer.  When  arsioe  AsH,  {'j.v.)  is  heated  at  310'^,  it  decomposes 
gradually  into  hydrogen  and  arsenic  : 

AsH,  -^.  As  +  l^Hj.* 


4 


The  action  is  not  appreciably  reversible.  The  arsenic  assumes  the 
solid  form.  The  gas  is  inclosed  in  a  tube  which  is  kept  in  a  bath  at 
m(l°,  and  a  manometer  shows  eh.iuges  in  pressure.  Since,  as  the  action 
jiroceeds,  IJ  molecules  of  hydrogen  take  the  place  of  each  molecule  of 
arsine,  the  total  pressure  slowly  increa-ses.  Every  increase  of  1  mm.  in 
the  pressure  is  the  result,  therefore,  of  un  addition  of  3  mm.  partial' 
pressure  of  hydrogen  and  a  reduction  of  2  mm.  in  the  partial  presaui-e 

*  Ordicnrily  we  should  write  the  equation  2AbII,  — » 2As  +  3H,.  But  this 
form  would  maJce  the  speed  proportional  to  c,',  and  calculation  then  gives  us  in- 
constant values  for  6*.  The  leason  for  thU  irregularity  is  given  in  works  on 
physical  cbeuiistry. 
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'  the  areine.  The  molecular  concentrations  are  proportional  to  the 
BBiires,  aaid  change,  therefore,  in  the  same  ratios.  The  observations 
(first  two  columns),  together  with  tlie  data  deduced  from  the  first  two 
by  calculation,  were  as  followa  : 


[ 

FSEfll.,  HM. 

MOLECtlLAB  COXCEMTSATIOMa. 

S.  PEB  Ho  US. 

m 

Totol. 

AsU,  Trangfrnd. 

4 

8 

784.84 
878.50 
004.06 
887.19 

0.02159  (e.) 
0.02416 

(i.OOSH 

b.oiioo' 

We  must  first  ascertain  the  molecular  concentration  of  the  areine 

'  corresponding'  to  the  olwerved  pressure  at  the  beginning.    We  remember 

that  at  22.4  atmospheres,  or  22.4  x  760  mm.  and  0',  the  concentration 

of  a  gas  has  the  value  1  (p.  251).     The  actual  initial  pressure  784.84 

78i.84x  273 


mm.  at  310'  would  become,  at  0°,  -j,^^- ^^^5,^ 

(.molecular  concentration  is  here,  therefore, 


,  or  367.5  mm,     The 


^^^4^  or  0.02159  moles 


'  22.4  X  760 

per  liter.  After  3  hours,  some  hydrogen  has  been  formed.  The 
pressure  has  increased  to  878.50  mm.  liedueing  as  before,  this  repre- 
BDts  a  molecular  concentratiou  of  all  ingredients  of  0.02416  moles  per 
liter,  The  increase  is  0.00257.  This,  as  was  demonsti-ated  above,  corre- 
sponds to  a  loss  of  2  X  0.00257,  or  0,00514  moles  per  liter  of  arsine. 
Now,  employing  the  formula  given  above,  we  find  the  speed  per  hour : 


5=log,- 


-*-  «  =  log, 


0.02159 


0.01645 


-s-  3  =  0.090G. 


This  result  means  that,  if  the  concentration  of  the  arsine  were  to  be 
maintained  at  the  initial  value  by  continual  renewal  of  the  waste, 
then  0  090C  {9.06  per  cent)  of  the  initial  amount  would  be  decomposed 
in  an  hour.  Using  the  pressures  at  4  and  at  8  hours,  the  reader  will 
obtain  by  calculation,  practicaUy  the  same  value  for  S.  Other  experi- 
ments with  still  different  concentrations,  provided  the  temperature 
was  the  same  (p.  250),  would  likewise  give  the  same  result.  Hence, 
when  we  take  unit  concentration  (1  mole  per  liter),  c  =  1,  and  the  ex- 
pression c^F  =  S  beeouies  F  =  0.0906.    Thus  the  affinity  or  activity 
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of  the  action  may  be  measured  with  any  concentration,  and  expressed 
ill  moles  transformed  per  hour  with  uuit  concentration.  Similar 
measurements  with  other  atjtions  then  enable  comparisons  of  their 
relative  activities  to  be  made  (see  Exercise  9,  end  of  this  chapter). 

The  Cotitlitlon  for  Chemical  Egnilihrium,  — Let  us  now  take  a 
reversible  iiction, 

in  which  c,,  Cj,  <t,  are  the  molecular  concentrations  after  the  condition 
of  equilHriuM  has  been  established.  The  above  mathematical  form  of 
statement  for  the  influence  of  coneentration  and  afBnity  on  speed  of 
transfonnation,  being  true  for  all  concentrations,  will  be  true  for  this 
set.     The  speed  of  the  forward  and  reverse  actionsJ  will  be, 

and    S^  = 


^,  =  c,/; 


'•/.J*;. 


respectively,  where  Fi  is  the  intrinsic  tendency  of  A  to  decompose, 
and  J'\  the  tendency  of  B  and  C'  to  combine.  As  the  concentrations 
have  so  adjusted  themselves  that  au  equal  amount  of  material  ia  being 
transformed  each  way,  we  have 


s 


c,F,^CfyF,  or   J-^. 


4 


^, 


beiu^  the  ratio  of  two  constants,  is  constant  (  =  k).    This  is  the 


ratio  of  the  aflinitiea  driving  the  opposed  actions,  and  ia  known  as  the 
affinity  constant  of  the  reversible  chemical  cliange.  If,  for  example, 
its  value  is  \,  then  the  S[>eeds  of  the  two  actions,  if  each  were  to  pro- 
ceed uuinifieded  (say  in  sejiarate  vessels)  witli  constantly  maintained 
unit  concentrations  of  the  materials,  would  be  in  the  ratio  F^ :  F^ 
or  1  :  4.  From  this  it  will  Ik  seen  tliat  measurement  of  the  concentra- 
tions present  in  a  system  which  has  reached  equilibrium  gives  us  the 
data  for  calculating  the  value  of  this  ratio.  In  other  words,  it  gives  us 
the  means  of  ascertaining  the  relative  magnitudes  of  the  intrinsic 
affinities  of  the  opposed  ai-tions. 

We  ma;  apply  tlsis  Ui  the  daia  given  (p.  237)  for  Uydrogea  iodide.    Th«  eqtm- 
UoQ  is 

8HlEiH,+  I« 

uid  c„  c„  and  e,  are  tbe  molecular  coDceDtrstiona  after  the  syBtem'hafi  come  to  reit. 
Th«  speed  of  the  furnard  actiou  (Sj  is  c,'F,  uiul  lluit  of  the  roverae  action  (S^  is 
cf,F,.     As  coDC«tilratious  are  now  such  thai  lUe  spet>dB  are  equal,  we  have 
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c,'F,  =  c,e,P,    or 


El 


Now,  at  448°,  with  equivalent  quantities  of  the  two  elements,  nearly  0.8  (more 
exactly,  79  per  cent)  of  the  weight  of  each  is  in  the  form  HI,  and  0.2  in  the  mii- 
turB  H,  +  Ir  Thus  in  every  100  uiolecules,  80  are  in(c,),  10  are  Hj(Cj),  and  10 
»re  l,(cj'  Thus  ft  =  0,1'  ^  0.8"  -  ^j.  That  is  to  say,  the  union  of  hydrogen  and 
iodine  would  talce  place  with  04  times  as  great  a  speed  aa  the  disaociatlon  of  hy- 
drogen iodide  if  each  action  could  proceed  without  reversal  and  under  identical 
conditions,  Or,  in  terms  uf  the  kinetic  theory,  the  collisioua  of  tlie  H,  and  I, 
molecultis  result  uiatiy  tiiuei  more  often  in  chemical  change  than  do  collisions 
of  HI  molecules. 

The  ca.se  of  hydrogen  iodide  is  comparatively  simple  because  the  volume  is  not 
altered  by  the  progress  of  the  action  (see  below).  The  expatiaiou  when  phos- 
phorus pcntachloride  (p.  208)  dissociates  compels  as  to  take  account  of  the 
volume.     The  equation  ia : 


PCI, 

c, 


?iPCI, +  Cl„aud£i=  *:  = 


If  one  gram  molecule  of  the  substance  is  taken,  and  x  is  the  proportion  dissociated, 

X                1  —  X 
and  B  the  volume  occupied  hy  the  whole,  then  e^  —  e^~  -  and  c,  — 


Thus 


:j= —  •     Now  at  250"  (and  760  mm.),  for  example,  0.8  of  the  whole  weight 

of  material  is  dissociated  :  a:  =  0.8, 1  —  x=»0.2.  HenooJt  =  0.8'  -^  0.2»-  3.2  -^  ». 
To  obtain  Uie  value  of  8  we  uote  that  a  gram  molecule  at  700  mm.  and  0°  occupies 
22.4  liters.  At  250'  it  occnpies  22.4  x  (250  +  273)  -h  273  1.  But  this  mass  of  gas 
contains  0.8  more  molecules  because  of  dissociation,  and  its  volume  is,  therefore, 

l.e  ;<22.4(260+ 273)-^  273  =  0- 77.21.    Thusfc  =  3.2 -;•  77.2  =  i-    Otherwise 

Stated,  25  F,  —  F,.  That  it  to  say,  the  union  of  the  trichloride  and  chlorine  would 
proceed  twenty-five  times  as  faiit  as  the  dlfisociation,  if  each  of  the  three  sub- 
stances was  present  in  unit  concentration,  and  each  action  could  proceed  inde- 
pendently without  reversal. 

The  Effect-  of  Changes  of  Volume  on  Chemical  Equilibrium, 

—  Our  applifations  of  the  theory  of  equilibrium  will  be  chielly  to  dis- 
solved bodit^s,  and  hence  the  effect  on  the  equilibrium  point  of  changes 
in  volume  (by  dilution  or  the  reverse)  will  require  frequent  considera- 
tion. Now  dilution,  for  example,  diminishes  opportiiuities  for  en- 
counters between  the  substances  on  both  sides  of  the  equation.  In  the 
first  of  the  above  illustrations,  increasing  the  volume  decreases  the 
rate  at  which  the  chlorine  and  the  trichloride  can  combine.  Since, 
however,  the  speed  of  the  dissociation  dejvends  on  the  state  of  the 
'  PCI,  molecules  only,  and  is  unaffected  by  their  nearness  to  or  remote- 
fness  from  one  another,  the  forward  action  will  not  iw  weakened  at  alL 
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Hence,  dilution  increasBs  the  degree  of  disaociation.  In  general, 
cliange  in  volume  will  affect  the  equilibrium  point  whenever  there  are 
more  molecules  on  one  side  of  the  equation  than  on  the  other. 

In  mathematical  terms,  when  we  change  the  volume  to  -  times  its 
former  value  (n  whole  or  fractional),  the  concentration  changes  n 
tiaaes.  The  equation  for  equilibrium  then  becomes,  momentarily, 
»Cj  X  Ji^j  -i-  nc^  ^  k,  or  nc^r^  -s-  c,  ^  A.  To  restore  the  value  of  the 
expression  to  equality  with  k,  change  must  occur  in  the  concentrations 
c^  f„  and  <;,,  When  m  is  <  1,  that  is,  when  the  volume  increases, 
some  PClj  must  pass  into  the  form  PCI,  and  Clj  until  c^'p^'  -s-  «/=  k, 
as  before.     That  is,  dilution  increases  the  degree  of  dissociation. 

lu  the  case  of  hydrogen  iodide,  and  in  all  others  where  the  number  of  molecules 
Ukkiug  part  in  ttie  direct  alitl  reverse  actions  ia  the  same,  change  in  the  volume  of 
the  system  haa  no  effect  on  the  position  of  the  equilibrium  point.  Thus  dilution 
dimintshes  the  chance  of  euoounter  between  two  HI  molecules  to  the  same  extent 
that  it  interferes  with  encounters  between  H,  and  I,  laoleoules.  Conversely, 
increase  in  all  concentrations,  by  diminution  of  volume,  favoia  both  actions  equally. 
Hence,  at  448°,  79  per  cent  of  It  I  will  always  be  present  at  last,  whatever  the 
volume  occupied  by  a  given  amount  of  the  nmteriale.  In  mathematical  terms,  if  we 
diminish  the  volume  n  times  (n  whole  or  fractional),  we  increase  the  concentration 
of  each  constituent  n  times.     The  values  become  ne,,  tu:,,  and  nc,  respectively, 

and  k  -  ^^^  -  ^' 


n"c.' 


4 


Heterogeneottfi  Ef/uiUbrium,  —  A  modification  of  the  above 
conceptions  is  necessary  when  the  mixture  is  not  homogeneous.  If, 
for  example,  bne  of  the  constituents  is  present  as  a  solid  or  a  gas,  in 
greater  amount  than  can  be  dissolved  by  the  liquid  in  wluch  alone  the 
chemical  change  takes  place,  then,  according  to  the  definition  of 
saturated  solution  (p.  liiS),  the  concentration  of  the  dissolved  material 
will  be  constant  at  a  given  temperature  as  long  as  physical  equilibrium 
between  the  solid  and  the  solution  is  maintained.  This  is  a  case 
especially  likely  to  occur  when  slightly  soluble  {so-called  "  insoluble'') 
bodies  (cf.  p.  146)  are  concerned. 

The  sarae  reasouLng  applies  also  to  very  slightly  volatile  solide. 
The  concentration  of  the  vapqr  of  a  solid  body  present  in  excess  (meas- 
ured by  its  vapor  pressure)  will  be  constant  so  long  as  the  temj>erature 
is  fixed,  and  interaction  with  a  superincumbent  gas  will  take  place 
chiefly  through  the  vapor. 

In  both  these  cases  the  concentrations  of  the  active  parts  of  the 
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slightly  soluble  and  slightly  volatile  bodies,  respectively,  are  not  sub- 
ject to  variation  —  they  are  constant.     Thus,  with  the  action, 

2BaOss^2BaO  + 0„ 

the  concentrations  of  the.  vapor  of  BaOj((?,)  and  of  BaO(<-j)  are  constant, 
and  that  of  oxygen  (c,)  alone  is  suliject  to  alteration.  We  have,  there- 
fore, 

^  =  *,  or  c,  =  ^  k, 

in  which,  since  e^,  e^  and  k  are  constant,  c,  must  be  constant  also.  But 
the  pressure  of  a  gas  is  proportional  to  its  molecular  concentration, 
according  to  Avogadro's  hypothesis.  Therefore,  in  this  action,  the 
pressure  of  the  oxygen  (the  dlesoclation  pressure)  should  be  constant 
irrespective  of  the  extent  to  which  the  dissociation  has  progressed. 
Observation  shows  that  this  is  the  case.  When  barium  dioxide  is 
maintained  at  a  definite  temperature,  the  pressure  of  the  oxygen  rises 
to  a  fixed  value  and  remains  constant.  Any  pressure  of  oxygen  atove 
the  fixed  value  forces  the  gas  into  combination  until  no  barium  mon- 
oxide is  left ;  any  pressure  below  this  value  j>ermits  the  dioxide  to 
decompose  until  none  remains.  This  explains  the  Brin  method  of 
making  oxygen  (p.  63),  in  which  a  temperature  is  chosen  at  which 
the  dissociation  pressure  is  approximately  etjual  to  that  of  the  partial 
pressure  of  oxygen  in  the  air  (^  atmosphere).  All  hydrates,  as  we 
have  seen  (pp.  121-123),  behave  in  a  precisely  similar  way,  and  fur- 
nish numlierless  confirmations  of  this  application  of  the  law  of  molecu- 
lar concentration. 

ApplicatioitM  hi  Chemititfi/ :  I}(»placenient  of  Equiltbrla  by 
Chanf/en  Affecting  Concentra f iott.  ^  Of  special  interest  to  the 
chemist  are  the  conditions  imder  which  the  eijuilibriuin  point  may  be 
displaced  and  more  neai'ly  complete  realization  of  one  of  the  two 
opposed  clianges  may  be  brought  about. 

We  have  just  seen  (p.  249)  that  one  way  in  which  a  reversible  action 
may  be  forced  ne.oi'er  to  completion  in  one  direction  or  the  other  is  the 
introduction  of  an  excess  of  one  of  the  ingredients  contributing  to  the 
action.  This  method  of  displacing  the  equilibrium  point,  however, 
cannot  be  very  etfective  unless  it  is  possible  to  introduce  an  exceedingly 
large  excess  of  the  selected  ingredient  in  a  high  degree  of  molecular 
concentration,  since  tiiis  operation   doe^  not  in  any  way  effect  or,  in 
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partieiilar,  restrain  the  reverse  action,  which  is  continually  undoing  the 
work  of  the  forward  one.  A  much  more  effective  means  of  furthering 
such  actions  is  found  in  remotuur/  imf  of  the  i-omponents  of  thiy  system. 
Any  agency  which  could  remove  the  free  iodine  as  fast  as  it  was 
formed  in  the  decomposition  of  hydrogen  iodide,  for  exanijile,  would 
entirely  stop  the  reproduction  of  the  compound  and  so  would  enable 
the  dJBaociation  (2HI  ^  Hj  +  I,)  to  run  to  completion. 

This  might  be  realized  *  by  causing  one  end  of  a  sealed  tnbe  charged 
with  hydrogen  and  iodine,  after  the  contents  had  settled  down  to  a 
condition  of  etjuilibrium,  to  project  fiom  the  bath  in  which  the  whole 
had  beeu  kept  at  448"  {Fig.  72,  which  is  simply  diagrawinijitic).      Hy 

cooling  this  end,  a  large  part  of  the 
21  ])er  cent  of  free  iodine  would 
quickly  lie  condensed  in  it  to  the  solid 
form,  while  the  liydrogen  would  re- 
main gaaeoua.  Only  the  trat^e  of 
vapor  which  cold  iodine  gives  would 
then  be  available  to  interact  with  the 
hydrogen  and  reproduce  hydrogen 
iodide.  Meanwhile  the  decomposition  of  the  latter  would  go  on,  and 
thus,  eventually,  almost  all  the  iodine  would  1*  found  free  in  one  end 
of  the  tube,  and  the  hydrogen,  all  free  likewise,  would  occupy  the  rest. 
By  this  purely  mechanical  adjustment  the  chemical  change  would  in 
this  way  be  carried  from  21  per  cent  completion  to  almost  absolute 
completion. 

If,  on  the  other  hand,  arrangements  were  made  to  have  powdered 
marble,  in  a  sealed  bull)  of  thin  glass,  inclosed  in  the  tube,  we  might 
imagine  the  very  opposite  effect  of  the  above  to  be  produced.  The 
breaking  of  the  bulb  of  marble,  when  equilibrium  bad  been  reached, 
would  provide  means  for  the  removal  of  all  the  hydrogen  iodide  ,t  w^hile 
the  hydrogen  and  iodine  would  still  be  gaseous.  Thus,  the  com- 
pound having  Iwen  removed,  there  would  V>e  no  reverse  action  to 
compensate  for  the  union  of  the  elements.  The  whole  material  would, 
therefore,  soon  have  passed  through  the  form  HI.     Heucej  by  another 

•  For  another  illustriilion,  aee  UTider  Auiinonia. 

t  The  liydrogeii   iodido  would  be  destroyed  by  iutemctlon  wiLU  the  marble: 

2HI  +  CaCO,  -♦  Cal,  +  CO,  +  H,0. 

The  calcium  iodide  is  a  solid.  The  two  gases,  carbon  dlosiiie  and  water  vapor, 
do  not  iuteract  with  hydrogRn  or  with  iixiine,  anU  would  uot,  therefore,  inter- 
fere with  the  loruaUon  of  fresh  hydrogen  iodide. 
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iianical  arrangement,  an  action  which  ordinarily  could  progresa  to 
ly  79  per  cent  would  be  turned  int<j  a  complete  one. 
In  every -day  chemical  work,  since  our  object  is  usually  to  prepara ' 
some  one  substance,  chemists  either  avoid  chemical  changes  which  are 
notably  reversible,  or  aiijust  the  conditions  so  that  the  reverse  of  the 
action  which  they  desire  is  prevented.  In  consequence  of  this,  when 
carrying  out  the  directions  for  making  famibar  prepai-ations,  the  fact 
that  such  actions  are  reveraible  at  all  very  readily  escapes  our  notice. 
Arranging  the  conditions  so  that  the  separation  of  a  solid  body  by  pre- 
cijutation,  or  the  liberation  of  a  gas,  takes  place,  are  the  two  com- 
monest ways  of  rendering  a  reversible  action  complete.  Excellent 
examples  of  both  of  these  ai-e  funiished  by  the  chemical  change  used 
iu  producing  hydrogen  chloride  by  the  interaction  of  salt  and  sul- 
phuric acid  (p.  179),  the  discussion  of  which  should  once  more  be' 
studied  attentively. 

The  escape  of  ooe  member  of  a  .system  engaged  m  chemical  interaction, 
because  it  ie  gasetHis  or  solid,  ajid  in  either  case  immiscible  with  the  retst  of  the 
memberB  of  the  system,  is  the  commonest  cause  of  the  obstructiou  of  one  direc- 
tion of  a  reverBible  action  anil  the  triumph  o(  the  other.  ThiK,  as  we  have  seen, 
is  the  combineil  result  of  the  natural  behavior  of  a  syRtem  in  cliemic^  equilibrium, 
and  of  tbe  physical  properties,  particularly  the  solubility,  of  the  metubers  of  tha  J 
system.  Two  rules,  attributed  to  llerthollet,  have  been  made,  however,  to  describ© 
these  special  cases  of  a  broader  principle.  Uufortunaiely,  it  is  difficult  so  to  word 
them  that  they  fsball  be  entirely  unambiguous  and  entirely  correct. 

The  "rule of  precipitation,"  for  example,  might  read:  When  oertaio  classes  of 
materials  are  brought  together  in  solution,  if  aa  exchange  of  radicals  would  produce 
an  insoluble  body,  this  exchange  will  occur.  But  then  the  fact  is  that,  in  such 
cases,  the  exchange  alwaya  occurs  to  Mine  extent  whether  any  product  is  ineoluble 
or  not.  The  insolubility  is  responsible  only  tor  the  greater  completeness  of  the 
exchange.  Crude  statements  to  the  effect  that  "  when  an  insoluble  body  can 
be  formed,  it  will  be  formed,"  when  close  ecrutiny  shows  them  to  possess  any 
definite  meaning  whatever,  are  grossly  misleading.  They  suggest  that  insolubility 
is  a  sort  of  especially  desirable  career  on  which  the  elements  are  ambitious  of 
entering. 

All  forms  of  these  so-called  laws  are  objectionable,  because  they  necessarily 
snggBfit  that  the  positive  direction  of  the  action  is  assisted  by  the  iiomiscibility  of 
the  product,  and  this  is  the  precise  converse  of  the  fact.  The  tmmiscibility  does 
nothing  at  all  towards  assisting  the  formation  of  the  insoluble  substance  itself,  but 
does  whatever  it  can  towards  preventing  the  destruction  of  that  substance,  once  it 
is  formed,  by  hampering  the  negative  action. 

Affinity  vs.  SoluhUUy.  —  The  question  of  the  relation  of  affinity 
to  the  apparently  much  greater  efficiency  of  one  of  the  directions  of 
some  reversible  aotiona,  may  now  be  put  in  a  much  clearer  light  (pp. 
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181,  110,  and  this  Chap.),  The  whole  of  the  possibilities  of  progress 
for  any  action  are  expressed  by  a  function  (p.  261 )  of  the  form  c^r^F  =  S, 
If  anyone  of  the  variables,  say  one  of  the  concentrations  (c,),  is  neg- 
ligible, the  product  must  be  small,  irrespective  of  the  values  of  the 
other  factors.  Thus  the  feebleness  of  a  chemical  action  only  shows 
that  the  product  of  all  the  variables  is  minute,  and  not  that  the 
affinity  factor  per  se  is  of  small  magnitude, 

DlHplacement  of  EqttiUbrUt  by  Chnngea  in  Temperatures 
Van't  Ho/f*s  Law  and  Le  Chatelier'n  i.a«'.— Since  the  affinities 
driving  the  two  oppose*!  aotions  are  differently  affected  by  change  in 
temperature,  the  value  of  their  ratio  altera,  and  the  equihbrium  point, 
which  depends  on  this  ratio,  suffers  displacement.  It  is  found  that  the 
direction  of  the  displacement  depeuda  on  which  of  the  two  actions 
absorbs  heat,  and  which  gives  it  out.  In  a  system  which  is  in  equibb- 
num,  of  the  t'wo  opposed  interactions,  that  one  'which  la  endotheriiial 
ia  promoted,  ivbile  that  which  is  exothermal  Is  resisted,  by  raising  the 
temperatare,  and  vice  ferntt.  This  is  van't  Hoff s  law  of  mobUe  equilib- 
rium. Thus  the  dissociiition  of  phosphorus  pentiichloride  (p,  208)  is 
endothermal  (p.  27),  and  hence  becomes  gi'eater  at  higher  tempera- 
tures. All  thermal  dissociations  are  of  this  kind.  Again,  the  inter- 
action of  steam  and  iron  (p,  110)  is  exothermal,  and  so  the  higher  the 
temperature,  the  more  conspicuous  the  opposite  action  becomes.  In 
view  of  this  generalization,  we  can  understand  the  formation  of  endo- 
thennal  substances  of  an  unstable  character  at  high  temperatures. 
Thus,  ozone  {j.i'.)  is  produced  by  electrical  discharges,  and  cyanogen 
iq.v.)  is  formed  in  the  blast-furnace. 

The  principle  applies  also  to  physical  equilibria.  Thus,  as  the 
temperature  rises,  a  compound  which  gives  out  heat  in  dissolving  is 
less  sohible  in  a  solution  already  almost  saturated  with  the  oomponnd; 
while  one  which  absorbs  heat  in  dissolving  is  more  soluble  in  such  a 
solution.  For  example,  anhydrous  sodium  sulphate  gives  out  heat 
in  dissolving  {p.  165),  and  its  sohiUlity  diminishes  (p.  158)  with  ris- 
ing temperature,  while  with  hydrated  sodium  sulphate  Just  the  con- 
verse is  observed.  So,  also,  the  vaporization  of  a  liquid  absorbs  heat, 
and  hence  the  concentration  of  vapor  it  can  maintain  increases  with 
rise  in  temperature. 

The  above  law  is  a  particulnr  case  of  a  stilt  more  general  one  frequently 
called  Le  ChateUer't  law:  If  some  stress  (for  csiitii)ilE>,  by  cbangv  ui  teiii- 
pentture,  pressure,  or  coucenlration)  la  brought  to  bear  on  a  system  tn  equi- 
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librium,  by  which  the  equlUbriuin  is  displaced,  the  equilibrium  la  dls^ 
placed  In  that  direction  which  tends  to  undo  the  effect  of  the  stress. 

Tbus,  preusiirc  caustis  ice  lo  melt  becautte  the  water  which  ia  fnrmeii  occupies  a 
smaller  rolume,  and  thechsDge  therefore  teuds  to  relieve  the  pressure.  So,  aUo, 
the  production  (say,  by  a  chemical  interaction)  of  a  large  amount  of  a.  body  in 
solution,  by  which  its  concentration  m  increased  beyond  saturation,  leads  to  crys- 
UUlizaiion  (or  precipitation)  of  the  excess. 

BzercisQB,  —  1,  What  is  the  molecular  concentration  of  the  oxygen 
in  the  air  {pp.  155, 2.50),  of  the  nitrogen  in  the  air,  of  the  aqueous  vaiior 
above  water  at  10°  and  at  20^  (p,  116),  of  a  solution  containing  one 
formula-weight  of  sodium  chloride  in  10  liters,  of  a  solution  containing 
65  g.  of  hydrogen  iodide  in  250  e.c.  ? 

2.  Wliat  are  the  partial  pressures  of  the  thi-ee  components  of 
phosphorus  pentachloride  vapor  at  250''  and  760  mm,  (p,  207)  ?  What 
are  their  moleeular  concentrations  ? 

3.  Using  the  model  on  p.  254,  study  the  dissociation  of  KI, 
(p.  235),  of  iodine  vapor  (p.  236),  and  of  hydrogen  ioilide  (p.  237), 
and   the  formation  of   ferric  thiocyanate   (p.  250).      Show    in   each 

se  the  effect  on  the  system  of  increase  in  volume  without  change  in 
the  amount  of  material  (p.  255). 

4.  Using  the  model  on  p.  257,  study  the  dissociation  of  mercuric 
^oxide  (p.  12),  assuming  the  compound  to  be  involatile,  and  the  inter- 
action of  iron  and  steam  (p.  110).     Wliy  can  magnetic  oxide  of  iron 
be  -reduced  comjiletely  by  a  stream  of  hydrogen  (p.  110),  and  iron 

I  oxidized  completely  by  a  current  of  steam  (p.  99)  ? 

5.  What  actions  In  Chap,  xiv  are  complete  for  the  same  reason 
that  the  action  of  sulphuric  acid  on  salt  (pp.  178-180)  is  so? 

6.  Why  is  the  fortoation  of  the  following  substances  complete : 
silver  chloride  (p.  186),  and  hydrogen  chloride  and  water  by  union 
of  the  elements  ? 

7.  What  inference  should  you  draw  from  the  fact  that  the  solu- 
bilities of  [Kitaasimn  nitrate,  sodium  chloride,  and  Glauber's  salt 
(p.  157)  increase  with  rise  in  temperature  (p.  260),  and  from  the  fact 
that  those  of  calcium  citrate  (p.  156)  and  triethylamine  decrease  with 

'  rise  in  temperature  ? 

8.  Is  the  heat  of  solution  of  lead  nitrate  (p.  157)  positive  or  nega- 
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Carry  out  the  calculation  of  S  for  i  aud  8  hours  (p.  253). 
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Summary  of  pKixcirLES. 


The  Bummaiy  of  some  of  the  chief  principles  of  the  science  (p.  188)  may  now 
receive  several  important  ailditioiis.  For  Ihcs  sake  of  completeness,  reference  to 
the  [teriixlic  sysiuui  in  made  iu  No.  21 ,  to  isomers  in  No.  22,  and  to  Che  pliii.se  rule 
in  No.  2.?,  altbough  these  subjects  have  not  yet  been  taken  up.  As  before,  all 
hypothetical  m:ittera  have  been  excluded  as  fiir  as  possibla. 

16.  That  weight  of  each  avMance  which  in  the  gaseous  condition  occupies  tbe 
same  voluuie  as  32  grams  of  oxygen,  temperature  and  pressure  being  alike  for 
both  (namely,  22.4  liters  at  CP  and  760  mni.),  is  taken  as  the  chemical  unit  of 
"weight  for  tbe  substance,  and  is  known  as  its  motar  teeigfU  (p.  101)). 

16.  That  wet(;ht  of  each  element  which  is  the  greatest  common  measure  of  the 
quantities  of  tJie  element  foimd  in  the  molar  weights  of  its  compouncis  is  taken 
as  the  chemical  unit  of  weight  for  the  element,  and  is  known  as  its  atomic  rpeight, 
Tliis  weight  lins  the  property  described  in  0  (p.  188), 

The  com[)osition  of  each  substance  is  expressed  in  terms  of  the  atomic  weights 
lOnils,  and  the  sum  of  the  atomic  weights  is  multiplied  by  an  integer,  when 
necessary,  ao  as  to  wiual  the  molar  weight  (p.  204). 

IT.  The  number  of  equivalent  weights  of  hydrogen  which  combine  with,  or  are 
displaced  by  the  atomic  weight  of  an  element  is  called  the  valenc«  of  the  element 
(p.  103). 

18.  Tbe  speed  of  evet?  interaction  is  a  function  of  the  first,  or  some  higher 
power  of  the  molar  concentratioo  of  each  internctiug  substance  (p.  252), 

10.  Substai3ces  undergoing,  at  a  fixed  temperature^  an  interaction  which  is 
reversible,  reach  a  condition  of  equilibrium.  The  linal  proportions  of  the  mate~ 
rials  ore  such  that  the  speeds  (see  18)  of  the  opiiosed  actions  are  equal  (p.  254). 

20.  Van't  Hoffa  law  and  Le  Chatelier'a  law  (p.  260). 

21.  Each  eleiiietd  has  its  own  set  of  cliemtciJ  relattona  (pp.  177,  226)  :  e.g.,  it 
can  exist  m  combination  with  certain  otlier  elements;  it  btis  a  certain  valence, 
and  may  have  more  than  one  valence  ;  it  confers  certain  properties  on  its  com- 
pounds OS  a  class  ;  it  reseinbles  certain  other  elements  in  several  of  these  respects 
(e.g.,  tbe  halogens),  and  differs  from  others,  in  a  way  more  or  !&5s  definitely 
described  by  its  place  in  the  periodic  system  (f/c). 

In  complex  cases,  the  inter-relations  of  the  elementaiy  units  in  «  compound, 
and  tlie  rolation.t  of  the  compound  to  other  compounds  (see  No.  22),  are  represented 
grapUic.tlly  by  tormulie  bji-wd  upon  mi  hypothesis  of  molecular  structure  (p.  224). 

22.  Identical  combinations  of  matter  may  constitute  more  than  one  compound 
substance  (isomers,  see  Urea),  These  may  have  equal  molar  weights  (optical 
and  structural  isomers),  or  they  may  have  different  molar  weights  (pp,  204, 
242), 

23.  In  a  system  in  equilibrium  the  number  of  components  plus  two  equals  the 
ntuuber  of  phases  plus  the  number  of  degrees  of  frewi'im  (Phase  rule,  g.».). 
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CHAPTER   XVI 

OXIDES  AND  OXraEN  ACIDS  OF  THE  HAI.OaKErS 

The  chief  subjects  of  practical  inipoi'tauee  touchinl  upon  in  tbis 
chapter  are  connected  with  bleaching  powder  (C\i(''l(OCl)),  and  potas- 
sium chloratB  (KCIO,)  and  perchlurate  (KCIOJ.  Hence  onr  attention 
will  be  largely  directed  to  tlie  modes  of  making  these  subsUinees  and  to 
their  relations  to  one  another.  Incidentally,  we  shall  encounter  many 
actions  of  a  complex  and,  to  us,  more  or  less  novel  kind. 

Compnundit  of  Chluritie  CmitniHintf  Ojenffeti,  —  The  following 
are  the  names  and  fortuulaj  of  the  substances  : 

HCIO  Hypochlorous  acid,  C1,0  Ilypochlorons  nnhydrlde, 

(HCIO,)  Chlorous  acid,  

CIO,  Chlorine  dioxide, 

HCIO,  Chloric  acid,  

HClOj  Perchloric  acid,  C'ljOj  Perchloric  anhydride. 

There  are  also  compounds  of  metals  with  the  negative  radicals  of 
these  acids.  Of  this  nature  are  the  tiu'ee  substances  mentioned  iu  the 
first  paragraph.  Chlorous  acid  is  itself  unknown,  but  potaasiuiu  chlorite 
(KCIO,)  and  some  other  derivatives  have  beeu  rnade. 

The  two  anhydrides  (p.  71  ),  when  brought  into  contact  with  water, 
combine  with  it  tt>  form  tlie  acids  opposite  which  they  stand  in  the 
table.  Chlorine  dioxide  {q.r.),  however,  is  not  related  to  any  one  acid 
in  this  way. 

All  these  compounds  tliffcr  from  most  that  we  have  hitherto  dis- 
cussed  inasmuch  iis  not  one  of  them  can  be  made  by  direct  union  of 
the  simple  substances. 

Nome»clatnfe  of  Acids  anil  Salts'  —  When  several  compounds 
closely  related  in  composition,  like  the  above  acids,  are  known,  a  sys- 
tematic method  of  naming  them  is  used.  The  terminations  -oun  and 
•ie  indicate  smaller  and  larger  proportions  of  oxygen  respectively. 
For  compounds  below  or  abo\'e  those  two  in  their  degree  of  oxidation, 
the  prefixes  hypo-  and  per-  are  employed. 
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When  the  radicals  (p.  93)  contained  iu  the  acids  are  combined 
with  metals,  the  cotnpoutuls  are  spoken  of  as  salta  of  the  respective 
acids.  Thus,  K( '!( >,  ia  described  as  the  potassium  salt  of  chloric  acid. 
The  specific  names  for  these  salts  are  distinguished  by  terminations 
corresponding  to  those  of  the  acids  : 


KCIO  Potassium  hypochlorite, 
KCIO,  Pot«.saiiim  chlorite. 


KCIO,    Potassimn    chlorate, 
RCIO4  Potaasiom  perchlorate. 


The  termination  -he  corresponds  to  -ous,  -ate  to  -de.  This  principle  is 
applied  Bystematic-alljr,  so  that  the  salts  of  sulphuric  and  sulphurous 
acids,  for  example,  are  called  sulphates  and  sulphites  respectively. 

Compounds   containing   no  oxygen    receive   the   termination  -ide. 
Thus,  KCl  is  potassium  chloride,  FeS  is  ferrous  sulphide. 


Snltg  and  Double  Decom po»iti»ti.  —  We  have  just  been  using 
the  word  salt  in  a  general  sense.  It  is  the  class  name  for  a  set  of  sub- 
stances which  includes  common  salt  or  sodium  chloride  (NaCl),  potas- 
sium nitrate  (KNO,),  sodium  sulphate  (Na,SO^),  silver  chloride  (AgCl), 
potassiuiij  chlorate  (KCIO,),  etc.  The  majority  of  the  substances  used 
in  elementary  chemistry  belong  to  this  class.  They  receive  the  name 
because  in  certain  important  chemical  respects  they  behave  like  com- 
mon salt.  For  example,  when  sotiium  chloride  is  treated  with  acids, 
such  as  sulphuric  acid  (p.  178)  or  pliosphoric  acid  (p.  179),  hydrogen 
chloride  is  liberated.  Actions  of  this  kind  consist  in  ka  exchange  of 
radicals  and  are  all  reversible.  Au  action  of  the  same  type,  although 
outwardly  different,  is  that  of  sodium  chloride  and  sUver  nitrate  iu 
aqueous  solution  (p.  99),  Here  we  have  two  salts  interacting  iustead 
of  an  su^'iA  and  a  salt,  and  we  get  a  precipitate  instead  of  a  gaa.  But 
the  interchange  of  radicals  is  exactly  similar. 

Now  salts  in  general  behave  in  these  respects  in  the  same  way  as 
does  common  salt.  They  interact  with  acids  or  other  salts,  particu- 
larly in  solution,  in  such  a  way  that  an  oxchange  of  radicals  takes 
place.  In  the  first  case,  a  salt  and  an  acid,  and  in  the  second  case 
two  salts,  are  produced.  These  actions  are  all  reversible.  Acids  differ 
thus  from  salts  only  in  the  fact  that  one  of  their  radicals  is  hydrogen. 
Hence  they  are  frequently  called  hydrogen  chloride,  hydrogen  sulphate 
(HjSO,),  and  so  forth.  It  may  be  added  that  bases  (p.  119),  like  potas- 
sium hydroxide  (KOH),  interact  reversibly  with  salts  and  acids, 
exchanging  radicals    after   the    same  fashion. 

All  salts  are  named  according  to  the  radicals  which  they  contain. 
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huB,  all  containing  —  SO,  are  sulphates,  f .'onversely,  when  the  name 
of  a  salt  is  given,  the  formula  can  be  written  down  at  once.  In  doing 
this,  however,  reganl  must  be  had  tu  the  valence  of  the  radicals 
(p.  104). 

In  view  of  the  reversibility  of  most  of  the  interactions  of  salts, 
acids,  and  bases,  we  encounter  completed  chaagea  chiefly  when  pre- 
cipitation oceura,  or  when  one  protluct  is  volatile  ( p,  259).  If  neither 
of  the  ptoduets  formed  by  the  exchange  of  radicals  is  insoluble,  the 
reversibility'  of  the  action  prevents  our  obtaining  anything  but  a 
mixture.  Only  those  double  decompositions  which  involve  more  or  less 
insoluble  or  volatile  substiinces  are  thus  of  use  for  pre|»aring  salts.  The 
action  of  sodium  chloride  on  silver  nitrat^j  (p.l>9)isan  example.  The  sil- 
ver chloride  is  almost  completely  insoluble,  while  the  sodium  uiti-ate  pro- 
duc€Kl  by  the  change  remains  dissolved.  By  filtration  we  obtain  the 
silver  chloride  as'a  jMwder,  while  the  evaporation  of  the  filtrate  gives 
us  the  soluble  product.  This  sort,  of  action  nan  be  used,  therefore, 
either  for  the  prepoiation  of  a  soluble  oi  an  insoluble  substance.  If 
the  problem  is  to  make  a  soluble  product,  then  we  must  arrange  an 
action  between  two  substances,  each  containing  one  of  the  two  required 
radicals,  and  possessing  two  other  radicals,  which,  when  united,  give 
an  insoluble  body.     This  plan  is  illustrated  frequently  in  wiiat  follows, 

Ifffpochtofltes.  —  Since  none  of  the  acids  in  our  list  can  be  made 
directly  from  their  elements,  we  generally  have  to  prepare,  fii-st,  the 
corresponiling  salt.  J"rom  the  salt,  by  double  decomposition,  the  acid 
is  then  secured.  Hence,  in  each  case,  the  salts  will  be  discussed 
first. 

Chlorine  interacts  slightly  with  water  (p.  176),  producing  small 
quantities  of  hydrogen  chloride  and  hypochlorous  acid  (equation  (1), 
below).  The  action  is  very  strongly  reversible.  That  is  to  say,  since 
the  last  two  substances  interact  very  vigorously  to  reproduce  chlorine 
and  water,  the  direct  action  does  not  make  much  progress. 

When,  however,  some  substance  which  can  interact  with  these 
products  is  added  to  the  solution  of  chlorine,  or  when  chlorine  gas  is 
simply  passed  into  an  aqueous  solution  of  such  a  substance,  displace- 
ment of  the  equilibrium  point  at  once  occurs  (p.  258),  Kow  potas- 
sium hydroxide  is  a  suitable  substance.  It  interacts  almost  completely 
in  solution  with  both  the  protlucta  of  this  action,  producing  potassium 
chloride  (2)  and  potassium  hyiK)cblorite  (3),  according  to  the  last  two 
of  the  following  equations  : 
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CI,  +  H.O        ±=i  HCl  +  HOCl,  (1) 

HCl  +  KOH    -^KCl  +  HA  (2) 

HOCl  +  KOH  -» KOCl  +  H,0.*  ^ 

Tims,  omitting  tlie  water  which  appears  both  among  products  and 
initial  substances,  and  the  two  acids  which  are  used  up  aa  quickly  as 
they  are  prtxluced  by  the  first  action,  we  get,  by  addition  of  the  three 
partial  equations  (c/.  p.  228),  the  tinal  equation  : 

C\  +  2K0H  -» KCI  +  KOCl  +  H,0. 

This  sort  of  action  does  not  give  a  pure  hypochlorite,  but  for  some 
jmrposea  the  presence  of  the  chloride  in  the  solution  is  not  objection- 
able. 

Bleaching  powder,  CaCl(OCl),  is  manufactured  on  a  large  scale  by 
an  action  exactly  like  the  above.  The  neuti'filhiation  of  a  molecule  of 
each  of  the  two  acids,  however,  can  be  accomplished  by  a  single  molecule 
of  slaked  lime  (calcium  hydroxidej  Ca(OH),),  since  the  latter  contains 
two  hydroxyl  (OH)  groups.  The  hydroxide  can  be  applied  either  in 
the  dry  form  or  mixed  with  some  water  as  a  paste.  The  separate 
actions  and  final  equation  are  as  follows  : 

CI,   +H,0      tijHCl    +      HOCl  (1) 


I 
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/  OH  +  HCl 
^0H  +  HOCl 


.Ca 
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-2HjO 


(2) 


CI,  +Ca  (OH),  -^  CaCl(OCl)  +  H,0 

Bleaching  powder  (see  Calcium)  is  a  salt  of  calcium  involving  two 
different  acids  (a  mixed  salt).  This  condition,  again,  does  not  inter- 
fere with  the  application  of  the  substance  commercially.  A  method 
of  obtaining  pure  hypochlorites,  however,  wiU  lie  found  below. 

Hypochlorites  change  into  chlorates  {q.i'.)  when  heated.  They 
may  also  give  off  oxygen,  2CaCl(0Cl)  — ♦  2CaCl,  +  0,.  Although 
this  decomposition  is  slow  in  cold  solutions  of  hypochlorites,  or  when 
they  are  preserved  in  the  dry  form,  it  may  be  hastened  by  means  of 
catalytic  agents.  The  addition  of  a  little  cobalt  hydroxide  (y-f.) 
to  bleaching  powder  solution  causes  rapid  evolution  of  oxygen.  The 
hypochlorites  are  manufactui-ed  because  hypochlorous  acid,  which  is 
used  in  bleaching,  can  readily  be  made  from  them.  The  acid  itself 
will  not  keep,  except  when  largely  diluted,  and  consequently  cannot 
be  transported  conveniently, 

■  The  interaction  of  pouissitim  bydroxide,  or  any  olher  ba«e,  with  any  acid  to 
produce  a.  salt  and  water,  is  called  neutralization  (</.  p.  ISUt. 
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Pre^pntntloH  of  TlKpovhlornuft  ArUt:   Hyj*nchloroua  Atiht/- 

dride,  — ■  1.   Tho  common  method  of  oliUiiumg  the  acid  is  by  double 
decomposition,  using  some  other  acid  (p.  264).     Even  from  such  a 
mixture,  or  mixed  salt,  as  is  produced  by  the  action  of  chlorine  oa. 
a  base  (p.  266),  the  a*id  may  be  obtained  in  fairly  pure  condition, ' 
ThuSj  with  nitric  acid  (an  active  acid),  we  have,  simultaneously,  the 
two  reversible  actions : 

(  KOCl  +  HNO,  i=i  KNO,  +  HOCl, 
I  KCl  +  HNO,     ^  KNOa  +  HOI. 

But  h3rpochlorou8  acid  is  a  feeble  acid,  while  hydrochloric  acid  is  at 
active  one,  so  that  in  the  former  action  the  reversing  tendency  is  very 
slight,  while  in  the  latter  it  is  vigorous.  Hence,  by  adding  nitric  acid, 
in  amount  barely  sufficient  for  the  liberation  of  the  hyiHMjhloroua  acnd 
alone,  and  doing  this  in  a  very  dilute  solution,  the  object  is  attained. 
The  potaaaium  chloride  is  hardly  affected.  By  gently  warming  the 
liquid  a  dilute  solution  of  bypocblorous  acid  can  be  distilled  off.  The 
operation  may  be  performed  even  more  successfully  by  use  of  a  weak 
acid,  iusteail  of  an  active  one  like  nitric  acid.  Boric  acid  ('/.i'.)  is 
suited  to  the  purpose. 

2.  Advantage  may  be  taken  of  the  feebleness  of  hypochlorous  acid 
in  another  way.  When  powdered  chalk  (CaCO,)  is  added  to  chlorine 
water,  or  chlorine  is  passed  into  water  holding  chalk  in  suspension,  only 
the  hydrogen  chloride  has  any  appreciable  action  upon  the  chalk.  It 
gives,  by  exchange  of  radicals,  calcium  chloride  and  carbonic  acid 
(equation  (2),  below).  The  latter  decomposes  immediately  with  effer- 
vesc«nt!e,  yielding  water  and  carbon  dioxide  gas  (equation  (3)). 

In  this  particular  example  of  equation-making  (cf,  p.  229)  the 
three  ])artial  equations,  in  their  simplest  forms,  may  not  be  added 
together.  Before  this  can  be  done  we  must  always  see  that  the  terms 
which  appear  on  both  sides  of  tlie  equations,  and  are  tmt  actual 
products,  will  disappear  by  cancellation.  Here,  the  2HC1  in  equation 
(2)  will  not  cancel  with  the  first  product  in  equation  (1),  unless  the 
whole  of  this  equation  is  multiplied  by  two.  The  multiplication  has 
therefore  been  effected : 


2Clj  +  2H3O     ^  2HC1+  2H0C1 
2HC1  +  CaCO,  t^  CaCl,  +  H,CO, 

H,CO.i=;H,0-t-CO, 

2C1,  +  CaCO,  +  H,0  -»  CaCl,  +  CO.  J  +  2H0CL 


(1) 
(2) 
(3) 
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This  action  g^ves  a  solution  containing  calcium  chloride  and  hypo- 
chlorous  acid,  and,  by  distUlatioii,  as  in  the  first  methoil,  a  dilute  solu- 
tion of  the  add  may  be  secured. 

3.  The  anhT-drlde  of  hypochlorouB  acid(CljO)  may  be  obtained  by 
passing  chlorine  gas  over  mercuric  oxide.  For  this  purpose  precipi- 
tated mercuric  oxide  (q.v.)  muet  be  used,  and  it  should  be  heated  in 
advance  in  order  to  coarsen  the  gi'aiu  of  its  particles  and  so  diminish 
the  speed  with  which  it  is  acted  upon.  Each  of  the  constituents  of  the 
oxide  combines  with  chlorine  : 


HgO  +  2C1,  -*  HgCl,  +  Cl^O. 

The  mercuric  chloride  then  unites  with  another  formula^weight  of  the 
mercuric  oxide  to  form  a  compound  HgO,  HgCl,,  which  remains  in 
the  tulte.  The  chlorine  monoxide  is  a  reddish-yellovv  gas.  It  may 
be  reduced  to  the  bquid  form,  and  boils  at  4-  5'^.  Both  the  gaseous 
and  liquefied  forms  of  it,  the  former  when  heated,  the  latter  when 
touched  by  paper  or  dust,  decompose  into  the  constituents  with  explo- 
sion. The  gas  dissolves  in  water  very  easily  (200 :  1,  by  vol.).  The 
yellow  solution  of  hypochloroua  acid  which  results, 

CljO-|-H,Oti2HOCl, 

has  a  strong  odor  of  chlorine  monoxide.  The  (Kimbination  is  reversible, 
and,  when  the  Uijukl  is  warm,  a  little  of  the  gas  escapes. 

ProperticH  of  IlypochUtrous  Add,—  !,  Itypochlorous  acid 
cannot  be  made,  excepting  in  solution,  or  kept,  excepting  in  dilute 
solution.  This  is  in  consequence  of  its  t*ndeiiey  to  decompose  in  three 
different  ways,  one  of  which  has  just  been  mentioned  (sec  3  and  4 
below), 

2.  As  an  acid  it  neutralizes  (p.  266)  active  bases,  giving  hjrpo- 
chlorites. 

3.  If  the  solution  is  concentrated,  much  of  the  hypochloroua  acid 
changes  gradually  into  chloric  acid  and  hydrogen  chloride.  Tliis 
occurs  even  in  the  dark. 


J 


^y        4.  When  the  solution  is  warmed,  but  more  especially  when  it  la 
W        exposed  to  sunlight,  oxygen  is  evolved  rapidly. 


3HC10  -^  HCIO,  -I-  2HCL 


2HOCl-»2UCl-|-0,. 


> 
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This  decomposition  always  takes  pla«e  whether  the  acid  is  present 
alone  in  the  water,  or  along  with  other  substances.  Hence,  the  solu- 
tion of  chlorine  in  water,  which  contains  a  sniall  amount  of  hypo- 
chloroua  acid,  on  being  exposed  to  the  bright  sunlight  gives  off  bubbles 
uf  oxygen  in  rapid  succession.  This  deoompoaition,  since  it  re- 
moves one  of  the  interacting  substiinces  in  the  reverse  action,  CI,  -(- 
HjO  J=;  HCl  -J-  HOCl,  enables  the  interaction  of  chlorine  and  water  to 
go  on  to  completion.  Consetiuently,  the  final  liquid  contains  nothing 
but  hydrochloric  acid  and  water.  Leaving  out  the  intermediate  steps 
again,  the  action  appears,  therefore,  to  be  simply  a  decomposition  of 
water  by  chlorine. 

2CI,  +  2H,0-»  4HC1  +  0,. 

6.   In  consequence  of  the  ease  with  which  it  gives  up  oxygen,  hypo- 
chlorous  acid  is  a  strong  oxidizing  agent. 

JTypochlorous  ArlUnit  an  Oxidizing  Agent:  Bleaching, —  Both 

iodine  and  bromine  are  oxidized  by  liypochlorous   acid,  the  former 
much    more    rapidly   than    the   latter,    2II0C1  +  I,^2H0I -f  CI, 
Farther  oxidation  to  HIO,  occurs  immediately.     Although  iodine  hasi 
less  affinitj'  for  hydn'jen  than  has  chlorine  (p.  239),  this  action  shows! 
that  the  relation  towards  oj-yijen  is  just  the  ojiposite.     Here  the  iodine 
goes  into  combination  and  the  chlorine  is  displaced. 

It  Ls  on  account  of  its  oxidizing  power  that  hypochlorous  acid  is 
used  commercially  in  bleaohing.  It  is  not  applied  to  paints,  which 
are  chiefly  mineral  substances,  but  to  complex  compounds  of  carbon, 
euch  as  constitute  the  coloring  matters  of  plants  and  of  those  ai'tificial* 
dyes  whose  manufacture  baa  now  become  so  gigantic  an  industry.  It 
should  be  understood  that  the  great  majority  of  the  complex  com- 
pounds of  carbon  are  colorless.  Even  a  slight  chemical  change,  affect- 
ing only  one  or  two  of  the  atoms  in  a  complex  molecule,  is  thus  almost 
sure  to  give  a  colorless  or  much  less  strongly  colored  material.  Indigo 
(C„H,bN,OJ,  which  has  a  deeft-blue  color,  is  an  example  of  a  vegetable 
dye  which  is  also  made  artificially.  Hypochloroua  acid  oxidizes  it  to 
isatin,  a  yellow  substjince  relatively  pale  in  color : 


C„H,(^jOj  -I-  2H0C1  -►  2C,H,N0,  +  2HCL 


f         In  ways  just  as  definite  as  this,  hypochlorous  acid  will  change  the 
I  composition  of  other  colored  substiinces,  although,  since  we   do  not 

I  know  the  formulae  of  aU  these    suijstances,  we  cannot   always  write 

LI 
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equations  for  tlie  actioiiB.  Thus,  the  interaction  by  which  cWoro- 
phyllf  the  ^een  coloring  matter  of  jilants,  is  bleached  is  doubtlesa 
similar  to  the  above,  although  the  forniulie  of  materials  concerned  are 
unknown. 

On  account  of  the  hy|iochloroua  acid  which  is  already  jireaent  in 
chlorine  water,  this  solution  is  a  very  efficient  bleaching'  ajjent.  The 
I'ernoval  of  this  one  of  the  factors  in  the  reverse  iMJtion  (p.  205)  enables 
more  of  the  acids  to  bo  produced  fi'om  the  chlorine  and  water  until  the 
whole  of  the  former  has  been  consumed. 

As  a  rn!e,  bleaching  is  aiitually  c^irried  out  by  liberating  hypoohlo- 
roua  acid  from  bieachiuj,'  jjowder  by  means  of  sulphuric  acid ; 

.OCl    H.  HOCl) 

Ca  +        SO,-^CaSO,+  [i^flLO  +  Cl,. 

^ci     n^  HCi  ' 

Of  course,  temporarily,  most  of  thfl  hypochlorous  acid  ioteracts  with 
the  hydrocldoric  acid  bo  give  chlorine  and  water,  but,  as  the  residual 
hypochlorous  acid  lovses  its  oxygen,  the  secondary  action  ia  again  dis- 
plar'ed  backwards  until  the  chlorine  is  all  used  up. 

The  yarn  or  cloth  is  fii'st  cleansed  from  fatty  or  oily  material  by 
boiling  with  soaj)  solution.  It  is  then  immersed  in  bleaching  jKiwder 
solution,  and  tiiially  iu  dilute  sulphuric  acid.  Both  solutions  must  be 
very  weak  in  order  that  no  interaction  may  occur  with  the  fabric  it- 
self. The  last  two  processes  may  be  repeated,  if  the  browniish  or 
yellowish  coloring  material  has  not  disappeai'ed  after  the  first  treat- 
ment. 

H3'pochlorous  acid  can  bo  used  to  bleach  linen  or  cotton,  because 
the  body  of  these  materials,  apart  from  the  small  amount  of  coloring 
matter,  is  composed  of  compounds  containing  notlung  but  carbon, 
hydnigen,  and  oxygen.  These  compounds  are  very  slowly  affected  liy 
hypochlorous  acid,  unless  too  strong  a  solution  is  used,  or  the  exposiu-e 
to  its  ijiflucnce  is  too  long.  That  chemical  interaction  does  occiur  is 
shown  by  the  "  rotting "  of  gooils  which  have  not  been  washed 
thoi-oughly  after  bleaching.  Wool,  silk,  and  feathers,  on  the  other 
hand,  are  composed  largely  of  comjiounds  containing  nitrogen  in  addi- 
tion to  the  above  three  elements.  Their  constituent  material  interacts 
aa  easily  witli  hypochlorous  acid  as  do  the  traces  of  coloring  substances. 
Hence,  since  the  fabric  itself  would  be  attacked  by  this  agent,  different 
means  of  bleaching  have  to  l^e  used  for  mat^Tials  of  this  class. 

It  should  be  understood  tliat  a  cold  dilute  solution  of  hypochlorous 
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acid  may  be  kept  almost  iudefinitely  and  will  not  give  up  its  oxygen 
sponteneously.  The  transfer  takes  place  when,  and  only  when,  the 
acid  comes  in  contact  with  some  substance  capable  of  uniting  with 
oxygen. 


Thefmachemltitrf/ of  Hypnchlorottn  Aritl. —  As  we  have  seen 
(p.  27),  (^hemieal  clianges  wbitih  proceed  spotitaneously  to  completion 
are  accompanied  hy  a  traiiaformatiun  of  eheiuit^il  energy  into  some 
other  form  of  energy.  Hence,  a  substance,  or  system  of  substances, 
which  undergoes  Huch  a  change,  possesses  more  chemical  energy 
and  activity  before  the  change  tlian  after  it.  In  conseriuence,  if 
some  given  chemical  change  i«tt«  the  products  of  such  an  action, 
and  can  Iw  brought  about  by  the  employment  of  the  original  sub- 
stance, the  employment  of  the  latter  will  involve  a  greater  liberation 
of  encrgj',  and  will  therefore  be  more  likely  to  secure  the  conauinjm^ 
tion  of  the  cliange  in  question. 

The  decomposition  of  hypochloi-ous  acid  and  of  clilorine  monoxide 
are  cases  where  there  is  a  veiy  mai-ked  difference  between  the  amount 
of  chemical  energy  in  the  original  aubstances  and  in  the  products  of 
decomposition,  hydrogen  chloride  and  free  oxygen  in  the  first  csise,  and 
free  chlorine  and  oxygen  in  the  second.  Hence  the  changes  into  these 
substances  sometimes  are  of  the  nature  described  as  explosive,  A  more 
important  fact,  however,  is  that,  on  this  aiicormt,  hyjKichlorous  acid 
and  chlorine  monoxide  are  more  active  oxidizing  agents  than  is  free 
oxygen  gas.  The  energy  liberated  in  the  decomposition  of  the  hypo- 
chlorous  acid  has  to  be  added  (p.  78)  to  that  which  fi'ee  oxygen 
could  give,  if  performing  the  same  oxidation,  in  order  that  the  total 
&11  in  energy,  which  measures  the  tendency  of  the  action  to  take 
place,  may  be  estimated.  Hence,  substances  that  are  not  affected  by 
free  oxygen  nuiy  Ijc  changed  instantly  by  hyjKichlorous  acid.  This 
iwtplains,  for  example,  the  oxidation  by  hypochlorous  acid  of  many 
carbon  compounds,  including  those  which  are  colored,  when  atmos- 
pheric air  is  without  action.  Thus,  the  heat  lilierated  in  the  oxidation 
of  indigo  to  isatin  by  oxygen  gas,  if  it  could  be  carried  out,  wmdd  be 
1800  cal.  The  much  greater  heat  liberated  when  hypochlorous  acid 
is  used,  we  obtain  by  juiding  the  thermoehemical  equations : 

2HC10  =  2HCI  +  20  +  18,600  cal. 
C,eH,^,Oj+20  =  2(;,HsNO,    +    18<K)  cat 


C„H,oN,0,  -h  3HC10  =  2C,H,N0,  +  2HC1  -f-  20,400  cal. 
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The  following  tbermochemical  equatiniis  give  a  rough  idea,  at  the  relfttivs 
oxidisiDg  powers  of  ihe  chief  oxygen  acids  of  Uie  h&lagens  : 

HCIO,  Aq  -  HCl,  Aq  +    O  +     8300  cal.,   or  +  9,300  " 
HCiO,,  Aq  ^  HCl,  Aq  +  30  +  16,300  c^.,   or  +  6,100     ^^1.  for 
HCIO,,  Aq  =  HCl,  Aq  +  40  +        700  cal.,  or  +     170     eacA  aiomic 
HBrO,,  Aq  -  HBr,  Aq  +  30  +  16,000  cal.,  or  +  5,000    'weight  of 
HIO,,    Aq  -  HI,    Aq  +  30  -  42,900  cal.,   or-U.300     oiygea. 
HID.,    Aq  -  HI,    Aq  +  40  -  3i,500  cal.,  or-  8,800  , 

Formerly  a  different  explanation  for  actions  like  that  of  hypochloroits  icid, 
when  it  behaves  as  an  oxidizing  agent,  was  oflortid.  It  was  suggested  that  the 
oxygen  was  first  liberated  from  the  acid  (HOCI— »HCl  +  0),  and  that  the  single 
aiomi  of  the  element  so  produced  were  more  active  than  molecular  oxygen.  This 
oxygen,  which  was  supposed  to  interact  in  the  moment  of  its  production,  wkb 
called  nasceat  ozygeu.  But  it  will  be  seen  that  such  an  explanation  is  entirely 
unnecesaarj'.  The  activity  of  the  hypocbtorous  scid  on  account  of  its  targe  store  of 
free  energy  sufBciently  accounts  for  the  facLs  (see  Nascent  hydrogen). 

SltnuHaneoufi,  Ind^petufetit  Chefnical  Changes  in  the  Satne 
8uh»tance.  —  As  we  have  seen,  hypochlorous  acid  undergoea  tkree 
different  changes.  Some  molecules  decompose  into  water  and  chlorine 
monoxide  (p.  268),  while  others  give  chloric  acid  and  hydrogen  chlo- 
ride, and  still  others  hydrogen  chloride  and  oxygen.  Since  the 
savin  moteeule  cannot  undergo  more  than  one  of  these  different 
changes,  it  follows  that  the  actions  are  independent  of  one  another. 
This  is  shown  by  the  fact  that  in  sunlight  the  third  predominates, 
while  in  the  dark  it  falls  far  behind  the  second.  Since  the  relathw 
quantities  of  the  products  vary,  the  several  simultaneous  actions 
cannot  be  put  in  the  same  equation.  The  fundamental  property  of 
an  equation  is  to  show  the  constant  proportions  by  weight  between 
every  pair  of  substances  in  it.  Hence  three  separate  equations  are  re- 
quired in  the  present,  and  in  all  similar  cases  where  all  the  proportions 
are  not  constant  {cf.  p.  231  and  see  Perehlorates),  Successive  actions, 
like  (1)  preceded  by  (2)  in  the  next  section  {cf.  p.  266),  however,  may 
be  combined  in  one  equation,  since  in  them  all  the  proportions  must 
necessarily  be  constant.  These  equations  are  interlocked,  for  (1) 
consumes  what  (2)  produces. 

Chlorates.  —  Like  hypochlorous  acid  itself,  the  hypochlorites  turn 
into  chlorates.  Thus,  when  chlorine  is  passed  into  a  warm,  concen- 
trated solution  of  potassium  hydroxide,  and  particularly  when  an 
excess  of  chlorine  is  used,  the  hypochlorite  changes  into  chlorate  as 
fast  as  it  forms  : 

3KC10  —  KCIO.  +  2KCL  (1) 
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To  secure  the  three  molecuk^a  of  the  hypochlorite,  the  equation  form- 
erly given  {p.  260)  must  be  tripled  ; 


■ 


3CL,  +  6K0H  -+  3KC1  +  3KC10  +  3H,0. 


(2) 


When  these  are  added,  and  the  intermediate  substance  is  left  out,  the 
final  equation  is  obtained : 

3CL,  +  6K0H  -»  KCIO,  +  5KC1  +  3H,0. 

When  the  solution  is  cooled,  the  chlorate  crystallizes  oat. 

This  action  involves  converting  tive-sixtha  of  the  valuable  potas- 
sium hydroxide  into  the  relatively  less  valuable  potaaaium  chloride. 
Hence,  in  practice,  the  makera  carry  out  the  corresponding  action 
with  calcium  hydroxide.  They  then  add  potassium  chloride  to  the 
resulting  solution,  containing  calcium  chloride  and  calcium  chlorate 
(Ca(C10,)j).  The  potas8iu:n  chlorate,  formed  by  double  decomposi- 
tion, crystallizes  when  the  solution  is  cooled. 

All  chlorates  are  at  least  moderately  soluble  in  water.  Potaa-  i 
slum  chlorate  is  used  in  making  fireworks,  explosives,  and  matches. 
An  intimate  mixture  with  sugar  (C'uHjgOjJ  burns  with  semi^explosive 
violence,  the  oxygen  of  the  salt  combining  with  the  carbon  and  hydro- 
gen to  form  carbon  dioxide  and  water.  Detonating  fuses  for  artillery 
are  made  of  a  mixture  of  this  salt  with  antimony  trisuljjliide  (y.u.). 


I 


The  Sepatatlan  &f  Stib»taHces  bff  their  Solubility.  —  When 
neither  nf  tlio  pmilmiu*  of  an  acikiu  apjiroaches  absoluttj  isusulubility,  aBeparation 
may  iievertlieless  b«  effecLed  more  or  less  p«rfectly  by  taking  lulvautage  of  diSer- 
ence  in  solubility.  Thus,  iu  the  practical  method  of  making  potaaaium  chlorate, 
the  calcmni  chloride  is  exceedingly  soluble,  while  the  potaasiam  chlorate  Is  only 
moderately  so.  Then,  too,  the  solubility  of  ibe  latter  decrease*  rapidly  as  the 
temperature  is  lowered  (Fig.  01,  p,  167).  Hence,  it  Is  found  that  when  the 
uiLiture  is  cooled  to  — IB''  only  about  13.5  g.  of  potassiuin  chlorate  remain  dis- 
■olred  in  each  liter,  and  are  lost.  At  0^  the  loss  would  he  greater,  for  at  tliia 
temperature  a  liter  of  pure  water  would  hold  33.3  g.,  and  a  liter  of  this  solution 
would  contain  more  than  this  on  account  of  the  uncompleted  reversible  action 
((/.  p.  2fM) : 

Cb  (ClOJ,  +  SKCl  ^  C»C1,  +  2KC10,. 

It  will  be  seen  that  we  reason  as  if  the  sohibility  of  each  substance  was  iude- 
pendeiit  of  the  presence  of  other  dissolved  bodies  (p.  1&3). 

By  the  u»e  of  this  principle,  and  the  data  in  rei^ard  to  solubility  in  Fig.  61 
(p.  167),  a  rough  idea  may  be  obtained  of  wliat  may  be  expected  in  any  giveu  , 
cmae.     From  the  diagram  the  solubilities  at  any  given  temperature  may  be  read. 
Suppose,  for  example,  the  question   is  in  regard  to  the  quantity  of  potaasiam 
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chlorate  we  may  expect  to  obtain  from  3  g.  of  potassiunj  hydroxide  diasolved  in 
7  g.  of  water  (a  30  per  cent  Eolutiou).     From  the  equation : 

3C1,  +  6KOH  -*  KCIO,  +  5KC1  +  8HjO 
BXW  m.6         6x7*-5 

we  fltid  that  S36  g.  of  potassiuni  hydroxide  give  123.5  g.  of  chlorate  and  S72.6  g,  of  ' 
chloride.     Hence,  by  pruportioo,  3  g.  will  give  about  1  g,  and  3  g.  respectively. 
The  solubility,  read  from  the  diagram,  \a  the  aiiiiiuiit  of  the  gatt  diEsohed  by  100 
c.c.  of  water,  for  example,  56.5  g.  of  potassium  chloride  at  100°.     Some  of  the 
reeultA  are  given  in  Che  form  of  a  table  : 


Chlo&idb. 


Potassium 


Amount  formed  from  3  g.  KOH. 

Sohihility  jil  I  100  c.c.  Aq  .  .  . 

iat°  in        i      7  c.c.  Aq  .  .  , 

Solubility  at  i  100  c.c.  Aq  .  .  , 

20°  in          (7  c.c.  Aq  .  .  . 

Solubility  at  I  100  c.c.  Aq  .  .  . 

0"  in          (7  c.c.  Aq  .  .  , 


3.0 
66.5 

4.0 
34.7 

±b 
28.0 

2.0 


1.0 
50.5 
4.0 
7.6 
0.6 
3.3 
0.25 


Thus,  at  20°,  at  Icaat  2.5  g.  of  the  3  g,  of  iwtaaaimu  chloride  will  remam  dissolved, 
while  half  of  the  potassium  chlorate  will  crystallize  out.  If  the  solubilities  are 
examined,  it  will  be  aecu  thiit  the  potassium  chlorate  is  even  more  easily  obtaiii- 
able  in  pure  cuiiclitioD  wheu  calcium  chloride  takes  the  place  of  potassium 
chloride. 


Chloric  Acid.  — This  acid  may  be  obtained  in  solution  in  water, 
by  addinb'  the  ealctilated  amount  of  diluted  sulphuric  acid  to  a  solution 
of  barium  chlorate  : 


M 


Ba(C10,),  +  H,SO«  ^  BaSO^  i  +  2HC10,. 

The  bariiun    sulphate,  being  insoluble,  is  removed  by  filtration  {ef. 
p.  265). 

The  solution  may  be  concentrated  {to  about  40  per  cent)  by  evajiora- 
tion,  but  must  not  be  heated  above  40",  as  the  acid  decomposes  near  this 
temperature.  The  resulting  thick,  colorless  liquid  has  powerful  oxidiz- 
ing qualities,  setting  fire  to  paper  (made  of  cellulose,  C,H,(,0()  which 
has  been  ilipiied  into  it.  It  converts  iodine  into  iodic  acid,  SHCIO,  -f 
Ij— *2HI0,  +  Clj.  When  warmed  beyond  40*^1116  acid  decomposesj 
giving  chlorine  dioxide  and  iterchloric  acid  (see  Iwlow). 


H 


Making  of  Eqtintions  Once  More,  —  The  equation  for  the  last 
action,  although  far  from  simple,  may  be  made  readily  by  uae  of  a  device 
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which  can  always  be  applied  where  an  oxt/ffen  acid  t/tveg  an  iveUle,  The 
formula  of  the  initial  substanoe,  <'hlori<^  arHd,  may  be  written  tlius, 
H,O,Cl,0„  so  £u  to  show  the  anhydride  (in  this  case  imaginary)  to 
which  it  is  related.  Now  the  protluets  are  UlOj  and  pereliloric  a«id, 
and  the  latter  may  be  written  HjOjCljO,.  Uisregainling  the  elements 
of  water,  we  jieroeive  that  some  CLjO^  becomes  t'l^Oj,  while  the  rest  of 
the  CljOj  furnishes  the  oxyg^en  for  this  change  and  itself  falls  to 
2C10,.  Evidently  one  molecule  undergoing  the  former  change  will 
require  two  undergoing  the  hitter  in  oi'der  thiit  it  may  secure  the  two 
units  of  oxygen  : 


2H,0,C1,0,  —  2H,0  +  4C10,  (+  20), 

(1) 

H,0,C1,0,  (+  20)  -,  H,0,Cl,Oj. 

(2) 

Adding  and  dividing  by  2,  we  have  : 

3HC10g  -4  Kfl  +  2C10,  +  HCIO,. 

Chlorine  Di«xMe:  Chlnrotift  Add.  —  Chlorine  dioxide  is  a 
yellow  gas  whii'li  may  be  liijuehed,  and  boils  at  +  10°.  The  gas  and 
liquid  are  violently  explosive,  the  substanee  being  resolved  into  its 
elements  with  liberation  of  much  heat.  It  is  fortued  whenever  chloric 
acid  is  aet  free,  and  hence  it  is  seen  when  a  little  powdered  potassium 
chlorate  is  touched  with  a  drop  of  concentrated  sulphuric  acid.  Con- 
centrated hydrochloric  acid  turns  yellow  from  the  same  cause  when 
any  nhlorate  is  atlded  to  it.  These,  actions  are  used  as  tests  for  chlo- 
rates, and  diatinpiush  them  from  perchloi-ates  (?-''-).  With  water,  clilo- 
rine  dioxide  gives  a  mixture  of  clilorous  and  chloric  acids,  and  with 
bases  a  mixture  of  the  ctilorite  and  chlorate. 


1 


FerchlornteSf  Perchloric  Acid,  and  Perchloric  AnhydHde. 
—  'When  heated,  chloric  acid  and  chlorates  give  perchloric  acid  (p.  274) 
and  f)erehlorat«8  resijeotively.  The  chlorates  also  give  oxygen  at  the 
same  time  (p.  64) : 

r2KC10,-^2KCl-|-30j, 
\4KC10,  -*  3KC10»  +  KCL 

These  actions,  like  the  three  decompositions  of  hyiwchlorous  acid, 
are  independent,  and  proceed  simultaneously  (p.  272).  Their  relative 
speed,  however,  varies  with  the  tem])erature,  and  the  decomposition 
into  chloride  and  oxygen  may  completely  outrun  the  other  when  a 
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catalytic  agent  like  manganese  dioxide  is  added  (p.  65).  When  pure 
potassium  chlorate  is  heated  cautiously,  alwut  one-fifth  of  it  has  lost 
all  its  oxygen  by  the  time  the  rest  has  turned  into  perchlorate.  The 
mixture  may  be  separated  by  grinding  with  the  luinimutB  quantity  of 
water  which  will  dissolve  the  chloride  it  contiiins.  The  perchlorate, 
having  at  15°  less  than  one-twentieth  of  the  aoluliility  of  the  chloride, 
will  remain,  for  the  most  part,  undissolved.  The  perchlorates  are . 
much  more  stable  {p.  119)  than  the  chlorates,  or  hypochlorites  :  they' 
are  all  soluble  in  water,  and  they  are  used  in  making  matches  and  fire- 
works. 

Pure  perchloric  acid  explodes  when  heated  above  92°.  But,  hke 
other  liquids,  its  boiling-point  is  lower  when  its  vapor  is  under  reduced 
pressure  {p.  118).  At  56  mm.  pressure  it  boils  at  39°,  a  temperature 
at  whiuh  liardly  any  decomposition  is  noticeable.  Hence  the  acid  may  \ 
be  made  by  mixing  potassium  pernhlorate  and  concentrated  aulphurie 
acid  and  distilling  tJie  mixture  cautiously  in  a  vacuum  : 

KCIO^  +  H,SO«fzt  KHSO,  +  HClO^t- 

To  secure  the  requisite  low  pressure,  the  ordinary  distilling  apparatus 
(Fig.  16,  p.  38)  is  made  completely  air-tight,  and  is  connected  by  a 
branch  tube  with  a  water-pump. 

Perchloric  acid  is  a  colorless  liquid,  which  decomposes,  and  often  | 
expkxles  spontaneously,  when  kept.  A  70  per  cent  solution  in  water 
is  perfectly  stable,  however.  Although  it  is  an  active  oxidizing  agent, 
it  is  not  80  active  as  chloric  acid,  and  does  not  oxidize  hydrogen  chlo- 
ride in  cold  a<jueons  solution.-  When  liberated  by  concentrated 
sulphuric  iuAd  it  does  not  at  once  give  the  yellow  chlorine  dioxide] 
(p.  275). 

The  anhydrlds  (C),0,)  maj  be  prepared  by  adding  phosphoric  anhydride  to ' 
perchloric  acid  in  a  vesael  imiaeniBd  la  a  freezing  mixture,  P,0,  +  SHCIO,  — » 2HP0, 
+  Cl,0,.  Phosphoric  anhydride  is  often  used  in  tliis  way  for  removing  the 
eletnents  of  water  from  compounds.  By  gently  wanning  tlie  mixtnre,  tlie  perchlo~ 
ric  anhydride  can  tte  digtiSIed  oH.  It  ia  a  cotude!!S  liquid  boiling  at  62"  (TOO  mm.}, 
and  eiplixling  when  struck  or  too  Btrongly  lieated. 

Oxygen  Aeidg  of  Bromine. — -No  oxides  of  bromine  have  been 
made,  but   the  acids  HBrO  (hypobromoua  acid)  and  HBrO,  (bromio 

acid)  and  their  salts  are  familiar. 

By  the  action  of   bromine   on    dilute,   cold   potassium  hydroxide 
solution,  the  bromide  and  hypobromite  are  formed  : 

Br,  +  2K01T  -^  KBr  -|-  KBrO  -h  H,0. 
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■\Vhen  the  solution  is  heated,  the  hypobromite  turns  into  bromate  and 
bromide.  The  actiocs  are  exact  parallels  of  the  coiTeaponding  ones 
for  chlorine. 

Aqueous  hromic  acid  may  be  made  in  the  same  way  as  chloric  acid 
(p.  274),  or  by  the  a<jtion  of  chlorine  and  water  on  bromine  : 

SCI,  +  6HjO  +  Br^  -►  2HBrO,  +10HC1. 

The  iolutioD  is  colorless  and  has  powerful  oxidizing  properties, 
it  converts  iodine  into  iodic  acid. 

2HBrO,  +  I,  -►  2HI0,  +  Br,. 


Thus, 


It  appears,  therefore,  that  iodine  has  more  afiftnity  for  oxygen  than  has 
bromine. 


Oxides  and  Oxygen  Aelds  of  Iodine.  —  The  following  are  the 
acids  and  their  corresponding  salts  : 

[HIO    Hypoiodous  acid],  [KIO         Potaasium  hypoioditej, 

HIO,     Iodic  acid,  KIO,  Potassium  iodate, 

[HIO,  Periodic  acid],  NalO^        Sodium  periodate, 

H,IO,  Periodic  acid,  Na^HjIO,  Disodimn  periodate. 


The  substances  in  parenthesis  have  not  been  isolated, 
oiide,  Ifi^. 


There  is  one 


lodateg  and  Iodic  Acid,  —  The  potassium  and  sodium  salts  of 
iodic  acid  are  found  in  Chili  saltpeter.  They  may  be  made,  in  much 
the  same  fashion  as  are  the  chlorates  and  bromates  (p,  272),  by  sidding 
powdered  iodine  to  a  hot  solution  of  potassium  or  sodium  hydroxide. 
There  Is  evidence  that  hypoiodites  are  formed  in  cold  solutions,  but 
they  change  quickly  to  iodatea. 


Iodic  Acid  ia  formed  by  passing  chlorine  through  powdered 
iodine  suspended  in  water.  The  action  is  parallel  to  that  of  chlorine 
on  bromine  water.  A  still  better  way  is  t«  boil  iodine  with  aqueous 
nitric  acid  (?•»'-)•  The  latter  gives  up  oxygen  readily,  and  is  here 
used  solely  on  this  account.  Hence  it  may  be  omitted  from  the 
equation,  only  the  oxygen,  of  which  it  is  the  source,  appearing: 


L 


Ij  +  H,0  +  60 -*  2HI0,. 
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In  both  these  actions  the  initial  substances  (including  the  exoesa  of 
nitric  acitl)    and  the  products,  with  the  exception  of  the  iixlic   aeid 
itself,  are  all  volatile.     When  the  solution  is  concentrated  by  evapora- 
tion, the  iodic  acid  ciTstallizea.     It  is  a  white  solid,  jwrfectly  stabh^  at 
ordiiiaiy  temperatui-cs,  and  can  be  kept  indefinitely.     At  170°  it  beiLjins 
to  give  off  water  vapor  (2HI0,  jzi  H,0  +  I^Oj),  leaving  the  pentoxide 
of  iodine.     The   latter  is  a  white  crystalline  powder  whiidi  may  be 
raiae<{  to  300°  before  it,  in  turn,  breaks  up,  giving  iodine  and  oxygen. 
In  aqueous  solution  iodic  aeid  is  au  oxidiiting  agent,  but  does  not 
^B  .{M^  with  its  oxygpn  so  readily  Eis  do  chloric  aeid  and  broiuic  acid.     It 
^^■"tixitlii^es  hydrogen  iodide  tii  dilute  solution : 


HIOj  +  5HI 


■3H,0 


+  31^ 


all  the  iodine  being  li Iterated  In  this  respect  it  resembles  concen- 
trated sulphuric  acid  (p.  237).  DUute  sulphuric  acid  shows  no 
oxidizing  qiuilities. 


Various  Acids  Derived  front  One  Anhydrtde.—Some  acids  are 

related  to  their  aiihytli'idea  as  are  hypochlorous  acid  {p.  2ti8)  and 
sulphurous  acid  (p.  71).  One  molecule  of  the  anhydride  comhiueg 
with  one  molecule  of  water.  In  other  cjises,  however,  the  propoi'tion 
of  water  may  be  less  or  greater  than  ih'is.  Thus  phosphoric  anhytb'ide 
(PjO,)  takes  up  three  formula^weights  of  water  (p.  71).  Now  if 
periodic  acid  were  of  the  former  type  (H^O,  IjO,  =  2HI0J,ita  formula 
would  1)6  1110,.  It  does  form  mlfs  of  this  tyjw,  su»'h  as  NalO,  and 
Agio,.  But  the  free  acid  is  a  deliquescent  solid  of  the  formula 
HslOg(=  511,0, 1,0,),  and  the  moat  easily  prepai'ed  salt  belongs  to  this 
type.  All  ty/'es  tire  called  periodates,  howi-t'er,  becaune-  their  compmi' 
t ions  are  a/t-  found etl  upon  t/m  same  anhi/dride^  The  hitter  has  not 
itself  been  made.  We  usually  speak  of  various  acids  and  salts  aa 
being  florivedfroni  the  same  anhydride,  the  word  "  derived  "  being  used 
in  a  figurative  and  not  a  literal  sense. 

The  difference  between  two  acids  HIO:,  and  HjIO,  is  not  at  all  t!ie 
same  as  between  HIO,  and  HIO,.  The  latter  would  represent  differ- 
ent stages  of  oxidation,  being  derived  from  1,0^  and  IjO,  resi>ectively, 
and  acpnrdingly  wotdd  Iw  named  iodic  acid  and  peri<xlic  acid.  The 
former  differ  only  by  2Hj0,  and  an  atiditioii  or  Btditniction  of  the  two 
elemeuts  of  water  in  equivalent  quantifies  is  neither  oxidation  nor 
reduction.     Hence  they  are  both  periotlic  acids  (see  Phosphoric  acid). 


< 
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Periodafea  and,  PeHodic  Acid.  —  Sodiiini  [leriodate  (NalO,)  ia 
foiitid  iu  Chili  saltpeter.  When  sodium  iodate  (NalO,)  is  dissulvcd 
along  -iritli  sodium  hydroxide  in  water,  and  chlorine  is  passed  into  the 
mixture,  the  sodium  hypochlorite  formed  from  the  latter  oxidizes  the 
iodate  (NalOa  -|-  0  — >•  NalO^).  But  the  aomewhat  insoluble  salt  which 
crystaUizea  out  is  Na^HjIO, : 

KalO,  +  O  +  KaOH  +  H^O  ->  Na,H,IO,. 

Other  salts  may  be  made  from  this  one. 

An  aqueoiia  solution  of   periodic   acid  is  obtained,    like    that   of 
chloric  acid  (p.  iJT-l),  by  the  action  of  sulphuric  acid  on  barium  period- 
ate.     A  wliite,  very  soluble  solid  (HjIOj)  remains  when  the  liquid  is 
evaporated.     When  this  is  heated,  water  and  oxygen  are  both  given 
off,  and  iwline  peutoxide  {I,Oj)  alone  remains. 

Chemical  Relations. —  The  compounds  of  the  halogens  with 
metals  and  with  hydrogen  diminish  in  stability,  with  ascending  atomic 
weight  of  the  halogen,  iu  the  order:  F(19),  Cl(35.5),  Br  (80),  I  (127). 
Each  halogen  wiU  displace  those  following  it  from  this  kind  of  combi- 
nation. In  the  case  of  the  oxygen  compounds,  the  order  of  stability 
is  just  the  reverse,  those  of  iodine,  for  example,  being  the  only  ones 
which  are  reasonably  stable.  The  order  of  displacement  in  such  com- 
pounds confirms  this  conclusion. 

Amongst  the  oxygen  acids  of  any  one  halogen,  those  containing 
most  oxygen  are  most  stable.  The  salts  are  in  all  cases  more  stable 
by  far  than  the  corresponding  acids. 

The  halogens  when  combined  with  metals  and  hydrogen  are  univa- 
lent (HI,  KCl,  etc).  It  is  clear,  however,  that,  when  united  with  oxy- 
gen, their  valence  is  liigher.  The  maximum  is  shown  in  perchloric 
anhydride  (CljO,),  where  chlorine  appears  to  be  hcptavalent. 

The  formulsB  of  the  acids  might  be  written  so  as  to  retain  the 
tinivaleuce  : 

H-Cl,     H-O-Cl,     H-O-O-Cl,     H-0-O-O-Cl, 
H  -  0  -  O  -  O  -  O  -  €1. 

But  compounds  in  which  we  are  eompell-ed  to  believe  that  two  oxygen 
units  are  united  are  usually  unst»ilile  (see  Hydrogen  peroxide),  and  we 
should  expect  the  instability  would  be  greater  with  three  and  with  four 
units  of  oxygen  in  comljination.  Here,  however,  the  reverse  state 
of  afEairs  must  be  taken  account  of  in  our  formulte,  for  HClOj  is  the 


280  INORGAKIC   CHEMISTRY 

most  stable  of  the  chlorine  set.  This  reasoning,  together  with  the 
heptavalence  in  C1,0,,  leads  ua  to  assume  the  valence  seven  in  per- 
chloric acid  {see  Periodic  system).  The  structural  formulae  (c/.  p.  224) 
of  some  of  these  substances  are  therefore  often  written  as  follows  : 

0  0 

II  fl 

H-Cl,        H-O-Cl,        H-0-Cl=0,        Na-0-I=0. 

It  U 

o  o 

Exercises. —  1.  Assign  to  its  proper  class  (p.  187)  each  of  the 
actions  mentioned  in  this  chapter. 

2.  Knowing  that  potassium  fluosilicate  (KjSiF^  is  insoluble,  how 
should  yon  make  chloric  acid  {p.  265)  ? 

3.  Make  the  eqiiiition  for  the  interdction  of  chlorine  with  calcium 
hydroxide  in  hot  water  (p.  266).  How  should  you  make  zinc  chlorate 
from  zinc  hydroxide  (Zn(OH),)  ? 

4.  How  should  you  make  pure  potassium  hypochlorite  from  hypo- 
chlorous  acid  (p.  268)? 

6.  On  what  circumstances  would  the  possibility  of  making  barium 
chlorate  by  action  of  chtorine  on  barium  hydroxide  depend  (p.  274)  ? 

6.  Make  the  equations  for :  (a)  the  preparation  of  potassium  bro- 
mate ;  (6)  pure  aqueous  bromjc  acid ;  (c)  the  interaction  of  iodine  with 
aqueous  potassium  hydroxide  in  the  cold,  and  when  heated. 

7.  Using  the  method  given  on  p.  274,  make  the  equations  for  the 
interat^tions  of  chlorine  dioxide  with  water,  and  with  aqueous  potas- 
sium hydroxide. 


CHAPTEB   XVII 


DISSOCIATION  IN  BOLXTTION 

Tbk  employment  of  interacting  substances  in  the  form  of  solutions 
is  so  constant  in  chemistry,  and  the  reasons  for  this  are  so  cogent,  that 
we  must  now  resume  the  discussion  of  the  subject  of  solution  (e^. 
p.  145). 

The  present  chapter  will  be  devoted  to  giving  the  proofs  that,  to 
speak  in  terms  of  the  molecular  hypothesis,  the  molecules  of  adds, 
bases,  and  salts  in  aqueous  solutions,  are  actually  dissociated  luto  parts 
by  the  solvent.  This  will  lie  shown  by  consideration,  successively,  of 
certain  peculiarities  in  the  chemical  bebavior,  the  osmotic  pressures, 
the  (reeslne-points,  and  the  boiling-points  of  the  solutions  of  these 
substances.  We  shall  sec  that  these  parts  coincide  iu  composition 
iritb  the  radicals,  and  are  called  ions.  Finally,  the  princi])les  of 
cbetnical  equilibrium  will  be  applied  to  the  relations  of  the  ions  to 
that  proportion  of  the  molecules  which  has  remained  undissociated. 

8<ytne  Characferistir  Properties  of  Aciffn,  Bafrx,  and  Safts, 
Shown  in  Afiuenun  Sotiitioit.  — Acids  all  contain  hydrogen  (p.  93). 
In  aqueous  solution,  if  soluble,  they  are  sour  in  taste,  they  turn  blue 
.litmus  red,  and  their  hydrogen  is  displat^ed  by  certain  metals  (p.  95), 
'  and  has  the  properties  of  a  radical.  By  the  last  st;itement  is  meant 
that  it  very  readily  exchanges  jjlaees  with  other  radicals  in  reversible 
double  decompositions  (p.  2G4).  Many  other  botlies,  like  sugar,  kero- 
sene, and  alcohol,  contain  hydrogen  also,  but  not  one  of  them  shows 
all  of  these  projverties.  Again,  all  salts  are  made  up  of  two  ratlicals, 
and  the  reversible  double  decompositions  into  which  they  enter  with 
acids,  bases,  and  other  salts,  consist  in  exchanges  of  these  radicals. 
Other  substances  may  include  the  same  comliinatiou  of  atoms,  but  in 
their  actions  these  groupings  are  often  disregarded.  Thus,  sodium 
chloride  and  silver  nitrate  exchange  radicals  completely  (p.  13),  and, 
in  dilute  solution,  hydrogen  chloride  and  sodium  hydrogen  sulphate 
do  so  partially  (p.  180).  But  smlium  chloride  and  nitroglycerine 
C,HtfNO,),  do  not  interact  at  all.  The  latter  is  not  a  salt,  although  it 
LOOntains  the  same  jiroportion  of  nitrogen  to  oxygen  as  does  any  nitrate. 
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Furthermore,  it  is  chiefly  in  arjueoas  not ut  inn  that  these  special 
properties  of  ai'ida,  tmses,  and  salts  become  apparent.  Their  behavior 
is  often  quite  differeut  iu  tlie  absence  of  this  solvent.  If,  for  example, 
we  mix  together  ammonium  Ciirlwnate  and  anhydrous  cupric  nitrate, 
and  apply  heat,  a  violent  interaction  begins.  An  immense  cloud  of 
smoke  and  g;is  is  thrown  out  of  the  tube,  and  the  substance  remaining 
is  either  black  or  reddish,  in  parts,  according  to  the  proportions  of  the 
Bubstancea  employed.  The  residue  contains  cupric  oxide,  and  aome- 
tunes  red  cuprous  oxide  (Cil,0),  The  gaa  is  tinged  red  by  the  pres- 
ence of  nitrogen  peroxide  (^O..),  while  a  more  careful  examination 
would  sdiow  that  it  eontiiined  carbon  dioxide,  nitrogen,  nitrous  oxide 
(N5U),  water  vapor,  and  perhaps  still  other  products.  The  contrast, 
when  the  substances  ar«.  dissolved  iu  water  liefore  being  brought  in 
contact  with  one  another,  is  very  great.  A  pale-green  precipitate  is 
formed  at  once,  and  rapidly  settles  out.  On  examination,  this  turns 
out  to  be  cupric  carbonate,  while  evaporation  of  the  solution  furnishes 
us  with  ammonium  nitrate.  There  are  only  two  main  products,  and 
the  essential  part  of  the  action  in  solution  is  represented  by  the 
e(iuation : 

(NH.)jCO,  +  Cu(N0^3  -» CuCO,  +  2NH,X0,. 

In  the  interaction  between  the  dry  substances  the  molecules  are  com- 
pletely disintegrated,  and  the  whole  change  is  very  complex.  In  the 
action  in  water  no  heating  is  required,  the  substances  are  neatly  broken 
apart,  certain  groups  of  atoms,  which  we  call  radicals,  are  transferred 
aa  wholes  from  one  state  of  conibination  to  another,  and  the  rearraiige- 
meut  takes  place  in  a  machine-like  manner.  Contrasts  bke  this 
between  the  interactions  of  anhydrous  and  dissolved  bodies  are  very 
common.  Thus,  we  have  had  occasion  (p.  96)  to  uu=^ntion  the  difference 
between  the  action  of  metals  on  concentrated  and  on  dilute  sulphuric 
acid. 

Many  min]iounds,  however,  do  not  show  aiiy  change  in  behavior 
when  dissolved  in  water.  Sugar,  for  example,  is,  as  a  rule,  more  readily 
acted  ujion  in  the  absence  of  any  solvent.  Then  again,  while  water 
is  not  the  only  solvent  which  haa  the  effect  we  have  just  descrjljed, 
the  majority  of  solvents,  if  they  affect  chemical  change  at  all,  simply 
retard  it.  Thus  the  union  of  iodine  and  phosphorus  iu  the  absence  of 
a  solvent  takes  jilaee  spontaneously  with  a  violent  evolution  of  heat. 
When  the  elements  are  dissolved  in  cai'bon  bisulphide  before  being 
mixed  the  action  is  much  milder,  although  the  product  is  the  same 
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(phosphoniB  tri-iodide).  The  diiiiinutioE  in  tlie  ooaceEtration  of  the 
ingredients  has  decreased  the  speed  of  the  action  in  the  normal  way 
(p.  249).  That  water  and  some  other  solvents  have  a  specific  influence 
tending  to  increase  the  activity  of  certain  classes  of  substances,  shows 
that  a  special  explanation  of  the  phenomenon  must  bo  found. 

Sununiag  up  these  points  we  see  that  the  pectdiarity  of  acids,  bases, 
and  salts  in  aqueous  solutian  is  that  each  compound  always  splits  in 
the  same  way.  Thus,  cupric  nitrate  always  gives  changes  invohing 
Cu  and  NO,  and  never  interacts  so  as  to  use  CuN^  and  0„  or  CuO,  and 
NOj,  as  the  basis  of  exchange.  Similarly,  acida  always  offer  hydi'ogen 
in  exchange ,  and  so  nitric  acid  behaves  as  if  composed  of  il  and  NO^, 
and  sulphuric  acid  as  if  composed  of  2H  and  SO,,  and  never  as  if 
made  up  of  HSO  and  IIO„  or  H^S  and  O,.  The  sour  taste  and  the 
effect  u|X)n  litmus  seem  to  be  properties  of  this  easily  separable  hydro- 
gen, for  they  are  shown  only  by  acids.  The  result  is  that  we  can 
make  a  list  of  the  units  of  exchange,  such  as  H,  OH,  NO,,  CO,,  S0„ 
Cu,  K,  and  CI,  employed  by  acids,  bases,  and  salts  in  their  interao- 
tions.  The  molecule  of  each  comjionnd  of  these  classes  contains  at 
least  two  of  them.  Even  when  tliese  units  contain  more  than  one 
atom,  their  coherence  is  as  noticeable  within  this  class  of  actions,  as 
is  the  permanence  of  the  atomic  masses  themselves  in  all  actions. 

The  question  raised  in  our  minds  is  wliether  solution  in  water 
alters  the  character  of  the  molecule  simply  by  producing  a  sort  of 
plane  of  cleavage  in  it  which  creates  a  i>redisiK)sitiou  to  a  uniform 
kind  of  chemical  change,  or  whether  it  actually  dUiides  the  molecules 
into  separate  parts  consisting  of  the  above  units  of  exchange,  and 
leaves  subsequent  chemical  actions  to  occur  by  cross-comb i nation  of 
these  fragments.  The  fact  that  the  dissolved  substances  can  be  recov- 
ered by  evaporation  of  the  liquid  does  not  demonstrate  that  they  have 
not  been  changed  temporarily  while  in  solution.  The  alteration  which 
the  water  produces,  whatever  it  be,  will  naturally  be  reversed  when  the 
water  is  removed.  Since  our  question  involves  nothing  but  the  count- 
ing of  particles,  the  number  of  which  would  be  much  greater  in  the 
event  that  actual  subdivision  of  molecules  is  the  exphination,  it  can 
be  answered  by  a  study  of  the  physical  properties  of  solutions. 

Osmotic  Pkkssuke. 

In  the  earlier  discussion  of  solution  (p.  150)  the  condition  of  a 
[       dissolved  substance  was  viewed  as  akin  to  that  of  a  gas.     We  con- 
ceived the  molecules  of  the  dissolved  substance  as  being  distributed 
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the  space  occupied  by  the  solvent,  as  being  separate  from  one 
and  as  moving  about  independently  of  each  other.  This  was 
the  phenomena  of  diffusion  and  osmotic  pressure  (p.  151)  in 
closely  resemble  those  of  ditfusion  and  gaseous  pressure  in 

invention  of  a  suitable  hypothesis  for  the  explanation  of  the 

osmosis  presents  some  difficulties,  but  the  facts  themselves 

are  undoubted.     It  will  conduce,  therefore,  to  clearness 

if  we  speak  first  of  some  things  which  may  be  observed 

and  are  true,  irrespective  of  any  explanation. 


Phenomena  Produced  by  Osmotic  Freaaure,  — 

In  order  that  the  osmotic  pressure  (Gk.  dio-^o*,  impulsion) 
of  the  molecules  of  a  diffusing  body  may  he  perceived, 
a  partition^  which  they  are  unable  to  traverse,  must  be 
interposed  between  the  solution  and  a  contiguous  mass 
of  the  pure  solvent  (Fig.  57,  p.  161).  The  partition  must 
be  permeable  by  the  solvent,  howeTer.  Such  a  partition 
is  described  as  ■eml-permeable. 

The  general  nature  of  the  phenomena  may  he  seen 
by  using  an  inverted  thistle-tuhe  (Pig.  73),  with  the 
opening  covered  by  a  piece  of  the  prepared  peritoneal 
membrane  of  oxen,  and  using  sugar  aa  the  dissolved 
body.  This  membrane  is  not  strong  enough  to  serve 
for  measurement.  It  is  also  somewhat  permeable  by 
the  sugar.  But  the  water  traverses  it  very  easily,  and 
BO  an  exhibition  of  the  general  result  of  a  stricter  test 
is  obtained  quickly.  The  bulb  of  the  tube  is  suspended 
in  pure  water. 

The  water  is  able  to  pass  freely  through  the  mem- 
brane in  either  direction,  while  the  sugar  is  not.  As 
the  result  of  the  interchange  of  water,  the  liquid  rises  slowly  but 
steadily  in  the  tube.  Tbe  pure  Bolveitt  al'nrays  paasea  into  tbe  solu- 
tlon.  If,  further,  two  solutions  of  different  concentrations  of  the  same 
substance  are  employed,  then,  invnriiibly,  watei  paaaeB  from  tlie  mora 
dllnt*  •olntloii  into  tb«  more  concentrated  one  through  the  membrane. 
There  is  apparently  a  tendency  for  the  water  so  to  distribute  itself 
that  the  solutions  may  eventually  become  equal  in  strength.  The 
water  passes  from  a  dilute  solution,  leaving  it  more  concentrated  than 
before,  into  a  mure  concentrated  solution,  reuderiog  it  more  dilute. 
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These  phenomeBa  were  first  studied  by  Pfeffer  (1877),  a  botanist, 
who  used  certain  plant  cells  for  the  purpose.  The  cell  content  in- 
cluded a  liquid  containing  various  salts  in  solution,  and  a  protoplas- 
mic layer  which  was  not  attached  to  the  cell  wall.  This  protoplasmic 
layer  behaved  like  a  semi-permeable  membrane.  When  such  cells 
were  immersed  in  a  concentrated  solution  of  any  substance,  the  water 
passed  from  the  interior  of  the  cell  fn  the  mhifion,  and  by  means  of 
a  microscope  a  shrinkage  of  the  protophismie  layer  away  from  the  cell 
wall  could  be  observed.  Conversely,  when  such  cells  were  placed  in 
pure  water,  or  a  solution  of  a  very  dilute  nature^  water  passed  from  the 
outside  into  the  interior,  and  the  protoplasmic  layer  was  distended  so 
as  to  fill  the  corners  completely.  The  distension  of  the  cells  of  droop- 
ing flowers,  when  their  stems  are  placed  in  water,  and  the  consequent 
revival,  is  a  familiar  illustration  of  the  same  sort  of  thing.  All  solu- 
tions which  produced  neither  the  one  effect  nor  the  other  on  a  given 
set  of  plant  cells,  were  named  is-osm.otk.  The  osmotic  pressures  of 
their  contents  were  the  same  as  the  pressure  of  the  cell  fluid. 

Profes8<:r  Crura  Browti  ba»  devised  an  arrangeuient  wliicli  e*liibtt»  the  ftction 
ot  a  perFectly  Beini-permi^able  uiviubmne  very  ntrikitigly.  A  coitceutrated  soluiion 
of  calcium  nitrate  \b  stiakea  willi  a  fiiuall  amount  of  phenol  (c:arbolic  acid),  bo  aa 
to  become  saturated  with  tbe  latter,  aiid  the  mixture  la  then  poured  into  A  tal!, 
narrow  oylhider.  The  phenoi  riaes  and  floats  apoa  the  surface  of  the  citlciuni 
nitrate.  The  amount  of  phenol  should  not  be  more  than  sufficient  to  saturate  the 
liquid  and  give  a  layer  a  few  millimeters  in  thickness.  DistUled  water,  also  satu- 
rated with  phenol,  is  cautiously  introduced  above  all.  The  water  on  both  lidei  ot 
the  layer  of  phenol  is  sohible  in  phenol,  and  consequently,  by  di8.solving  in  this 
and  passiug  out  on  the  other  side,  can  traverse  the  partition.  The  calcium  nitrate, 
however,  which  is  here  the  dissolved  substance,  cannot  traverse  the  phenol  la 
which  it  is  not  soluble.  The  phenol  therefore  constitutes  a  perfect  semi -permeable 
membrane.  If  the  level  of  the  lower  side  of  the  phenol  is  marked  on  the  outside 
of  the  cylinder  by  means  of  a  strip  of  paper,  it  will  be  found,  as  the  arrangement 
ii  watched  from  day  to  day,  that  the  water  passes  through  the  phenol  into  the  solu* 
tion,  and  the  phenol  rises  higher  and  higher,  until  finally  it  surmounts  all  the  rest 
of  the  liquid. 

7%e  Phenomena  a  Logical  Consequence  of  Semi-Permea- 
bilityt  ~  The  passage  of  the  water  into  the  solution  in  which  the 
greater  osmotic  pressure  exists  seems  at  first  paradoxicaL  We  must 
remember,  however,  that  the  system,  consisting  of  the  liquids  on  each 
side  of  the  membrane,  can  be  in  equilibrium  only  when  the  osmotic 
pressure  on  the  two  sides  is  identical.  But  the  equalization  of  the 
osmotic  pressures  cannot  take  place  by  the  passage  of  part  of  the 
solute  from  one  side  to  the  other.     The  membrane  haa  been  taken, 
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purposelj',  of  sucli  a  nature  that  the  dissolved  substance  is  unable  to 
traverse  it.  The  equ;ilization  must  occur,  tberefore,  in  tlie  only  other 
possible  inauner,  niunely,  hy  the  passage  of  the  solvent  in  the  other 
direction. 

Au  imitation  of  this  beliavior  may  easily  be  exhibited  by  the  use  ot  gases,  A 
piece  of  periluueal  membriuie  is  stretched  at.'roBs  tli«  moutb  of  a  thislJe-tube  iind 
moistened  with  water.  The  tube,  wtiiuli  bas  been  beul  in  y-furm  to  serve  aa  a 
manometer,  contains  a  small  aioount  of  some  colore<i  liquid,  wlinse  motions  will 
exbibit  any  change  iu  pressure  in  the  interior.  When  an  inverted  cylinder  of 
ammonia  gB&  in  placed  roiiud  the  head  of  the  tbistle-tube,  the  ammonia  gas  dis- 
solves in  the  vrater  on  the  membratie  until  tliis  water  is  saturated,  that  is,  until 
the  ammonia  molecules  k'aving  the  wat*r  are  as  numerous  as  tbose  enteriug 
it.  It  will  be  scon,  however,  that  the  ammonia  solution  really  has  two  surfaces, 
cue  of  Uioiu  towards  the  interior,  and  the  ammonia  particles  niiiat  eventually  leave 
both  surfaces  at  tbn  same  rale  at  whicli  they  arc  landing  upon  one  of  them.  The 
ammonia  gas  being  at  the  pressure  of  tlie  atmosphere,  the  particles  of  ammonia 
leaving  the  tilm  will  produce  a  tension  of  one  atmosphere  of  ammonia  over  each 
surface.  Thus  ammonia  ipis  will  be  transferred  from  the  cylinder  to  the  inttirior 
of  the  thistle-tube  until  its  partial  pressure  in  tlie  latter  is  equal  to  that  in  the 
former.  The  tjieuibraue  is  semi-permeable,  since,  of  the  air  and  ammonia  con- 
tained in  the  tbtiitle-tnbe,  only  the  aintnunia  can  traverse  the  film.  The  con- 
tents of  the  thistle-tnbe  therefore  correspond  to  tbe  solution,  air  being  the  solute 
atid  ammonia  the  solrent.  Tbe  original  air  in  the  apparatus  was  at  a  pressure  of 
one  atmosphere,  but  the  ammonia,  although  under  no  greater  pressure,  enters 
nevertheless.  Indeed,  it  would  continue  to  do  so  until  tbe  pressors  inside  became 
eqiiiil  Ui  that  of  tbe  ammonia  outside  plus  the  original  pressure  of  the  air,  a  total  of 
two  atmospheres.  The  case  correHtwnds  to  that  of  water  entering  a  solution  whose 
osmotic  pressure  is  one  atuioitphere.  It  enteris  until  the  contents  of  the  apparatus 
are  under  a  pressure  one  atmosphere  greater  than  that  existing  outside. 

MensuremetU  of  Osmotic  Preimnre.  —  It  will  be  seen  that  the 
whole  phenomenon  rests  upon  the  fact  that  the  membrane  used  is 
permeable  by  one  of  the  constituents  only.  The  preparation  of  a 
vessel  of  suffieient  strength,  and  possessing  walls  with  the  maximum 
permeability  by  water  and  the  lainimiun  permeability  by  dissolved 
substances,  preisents  great  difflctiltieB,  A  device  of  Pfeffer's  is  still 
found  to  be  the  best.  A  cylinder  of  porous  porcelain,  much  like  a 
Pasteur  filter-tube,  is  treated  so  that  its  pores  are  partially  filled  with 
a  gelatinous  precipitate  of  ctipric  ferrocyanide  (j.y.)- 

The  porous  cylinder,  after  removal  under  the  air-pump  of  the  air  which  its  walls 
contain,  is  placed  In  a  solution  of  cupric  sulphate.  Ita  interior  is  then  filled  with  a 
solution  of  potassium  ferrocyanide.  When  these  two  liquids  meet  by  diffusion 
inside  the  wall,  tbey  interact,  producing  a  dense  precipitate  of  the  substance  above 
mentioned  : 

2CuS0.  +  K4pe(CN),^Cu^eCCN),  +  2K^0,. 
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If  such  a  prepared  vessel,  after  being  filled  with  a  one^  per  cent 
sugar  solution,  could  be  closed  by  a  piston  (r.jf  Kg.  4f»)  and  be  placed 
ill  pure  water,  it  would  be  found  necessary  to  place  weiglita  on  the 
pistou  to  prevent  an  upward  movement,  due  to  act-ess  of  water  to  the 
interior  through  the  walls.  Finally  a  weight  would  be  found  that  would 
just  balance  the  inward  tendency  of  the  water.  With  more  weight 
than  this,  water  would  be  squeezed  out  through  the  pores ;  with  less, 
the  water  would  force  its  way  in  and  the  piston  would  rise.  When 
this  weight  has  been  placed  in  position,  the 
water  inside  and  outside,  having  reached  a 
condition  of  equilibrium,  must  be  exerting 
equal  presstirea  on  each  side  of  the  wall  of  the 
vessel.  Hence,  the  excess  of  pressure  inside 
must  be  due  to  the  osmotic  pressm-e  of  the 
dissolved  sugar.  It  cannot  be  due  to  the  water 
itself,  for  that  is  able  to  escape  through  the 
pores.  The  weight  opposing  the  osmotic  press- 
ure at  16°  in  the  case  of  a  one  per  cent  sugar 
solution  is  found  to  te  about  0.7  kg.  for  every 
sq.  cm.  of  the  exposed  surface.  Since  1.03  kg. 
per  sq.  cm.  equals  760  mm.,  this  would  indicate 
a  pressure  of  760  x  0.7  -t-  1.03,  or  516  mm, 
(0.68  atmospheres). 

In  practice  a  small  bent  tube  opening  into 
the  cylinder  is  used  as  a  manometer  (Fig.  74). 
The  other  end  of  the  tube  is  closed,  and  some 
air  is  confined  in  this  end  by  mercury.  The 
diminution  in  the  volume  of  the  air  registers 
the  pressure.  The  smaller  tube,  drawn  out  to 
a  point,  is  used  for  filling  the  cell  with  the 
solution  and  is  then  sealed  befoi-e  the  blow- 
pipe. The  whole  apparatus  is  immersed  in 
a  large  bath  of  water  whose  temperature  can 
be  maintained  constant  during  the  experiment.  Concordant  readings 
are  hard  to  get  in  consequence  of  difficulties  inherent  in  the  prepara- 
tion and  use  of  the  apparatus,  but  the  general  relations  of  the  results 
can  be  stated  in  a  very  simple  form. 

Ten  years  after  Pfeffer's  ejcperiiiiental  work,  van  't  Hott  flrsl  fomiulatad  the 
laws  of  osmotic  preiisiure.  He  showed  that  the  general  analogy  between  Ibe  gaM- 
oui  siaM  wad  the  state  uf  Botution  oould  be  developed  eo  ta  to  exhibit  a  complete 
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correspoDdeDce  between  the  laws  of  both.  lUs  conclusions  (1887)  were  founded 
panly  oil  I'fefiEei'a  results  and  partly  on  supplementary  eiperiuients,  and  are  given 
in  the  three  following  paragraphs  (see,  also,  appendix  to  this  chapter). 

Omnotlc  I'fesitui'e  and  Concentratimtt  —  A   part   of    one   of 
Pfeffer's  sets  of  experiiueuts  will  show  the  relation  in  this  respect : 
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The  osmotic  pressures  of  a  series  of  solutionB  of  tlie  same  subatauca 
are  proportional  to  their  ooacentrations.  The  form  of  the  law  is  the 
saiiiL'  as  tli;it  of  lioyle'ti  law  (jj.  81).  The  piessures  are  in  general  the 
same  for  the  same  concentrations  whatever  solvent  is  used. 

Otimotie  Prextiure  antl  Tvmpertttiire.  —  Pfefifer,  using  a  one  per 
fftaxt  solution  of  sugar  at  two  different  teiiijieratures,  found  the  pressure 
*itl  14.2'^  to  be  010  nini.  and  at  32""  t«  be  544  mm.  Not  only  does  osmotic 
pressure  change,  with  alteration  in  temperature,  in  the  same  direction 
as  does  gaseous  pres.sure,l)ut  tlie  changes  can  Im  expressed  by  Charles' 
law  (p.  87).  The  osmotic  pressure  increases  in  proportion  to  the 
absolute  temperature.  A  fftis  which  at  14.2°  C.  exhibits  a  pressure  of 
510  mm.,  at  -32°  exercises  a  pressure  of  542  mm. 

Ah  Annlogne  nf  Avogadro'g  Hffpothenifi,  — Still  more  interest- 
ing is  tlie  fiict  that,  if  we  cninpare  the  concentrations  of  diiferent  boIu- 
Sons  i^hich  at  the  same  temperature  exhibit  equal  osmotic  pressures, 
we  find  that  they  contain  equal  numbers  of  molecules  of  the  dissolved 

substance  in  equal  volumes.  Thus,  if  we  dissolve  one  mole  (342  g.) 
of  sugar  (G,,jHj,Oj,)  and  one  mole  (74  g.)  of  methyl  acetate  (CH,0,n,Oj) 
in  equal  volumes  of  water,  we  have  taken  equal  numbers  of  moieeulea 
of  the  two  substances,  and  the  osmotic  pressures  which  the  solutions 
exhibit  are  found  to  be  equal. 

As  will  be  seen  below,  certain  substances  in  certain  solvents,  par- 
ticularly in  water,  exhibit  pressures  which  are  greater  tlmn  this  hypoth- 
esis would  permit. 

The  closer  study  of  the  figures  enabled  van 't  Hoff  (1887)  to  state 
the  most  interesting  fact  of  all :  The  osmotic  pressure  exercised  by  a 
anbstanoe  In  ■olutlon  is  Identical  in  value  ^vlth  the  gaseous  presssure 
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7-hich  it  would  exhibit  if  the  same  quantity  of  it  were  oontaine^  ai 
a  gas  in  the  same  volume  at  the  same  temperature.  Fur  ti'xariiple, 
44  g.  of  carbon  dioxide  in  the  gaseous  condition  fills  the  G.M.V. 
(22.41.),  and  at  0"  exeruisea  a  preasui-o  of  one  atitiosiiliere.  We  find 
that  when  wo  dissolve  the  same  quantity  of  tht<  same  substince  in 
22.4 1.  of  any  solvent  at  the  same  temperature,  it  exercises  one  atmos- 
phere of  osmotio  pressure.  Certain  Buhstances,  however,  particularly 
when  (Ussolvcd  iu  water,  exhibit  greater  pressures  than  this  (see 
below). 

DetermitKttion  of  Molecular  Weights, —  U  ia  evident  that  we  haTe 
b$re  an  eipeiMuieiitnl  metliiid  vvhieli  may  be  used  in  meaBviring  the  molecular 
Wdgtit,  and  i»  appticnble  to  uulistances  wiiLch  cannot  be  converted  into  vapor.  AU 
tliat  is  neceswary  is  to  diKsolve  a  weighed  amount  of  the  substance  in  a  known 
amount  of  water,  or  some  suitable  solvent,  and  by  means  of  the  apjMiralua 
deaeribed  above  to  uieajsure  the  osmotic  pressure  at  .some  fixeil  temperature,  From 
the  result,  by  means  of  the  laws  corresponduig  to  tiioae  of  Uoyle  and  Charles,  we 
may  calculale  the  concentration  of  the  solution  which  would  have  given  one  atmos- 
phere pressure  &t  0".  That  quantity  of  Bubstance  vvhioli  wouUi  give  tliis  conceti. 
iralion  in  22.4  1.  of  the  solvent  1h  then  the  molecular  weight  (c/.  p.  ISW).  Tito  tlui< 
required  for  measurements  uf  osmotic  pressure  and  the  experimeiitai  difficu]tled| 
atone  prevent  the  eiuploymeut  of  this  method  in  practice. 

Onmotic  PressHre  and  DliiHoeUttioH  tn  Solttttonn.  —  What 
inference  is  to  be  drawni  in  the  ca-ses  in  whieh  almorinally  high  osmutto 
pressures  are  oteerved  ''  In  view  of  the  iiwl  that  the  pressure  is  suji- 
posed  to  be  produced  by  the  impact  of  the  particles,  and  depends  on 
the  number  of  them  in  the  ^'iven  volume,  we  must  infer  that  where  thft^ 
pressure  is  greater,  more  particles  are  present  in  the  given  vol 
than  we  had  supposed.  In  other  words,  dissociation  of  the  origin: 
molecules  must  have  ocnurred.  This  phenomenon  ia  observed  when- 
ever acids,  ha^es,  or  salts  in  aqueous  solution  are  under  observation. 
Thus  a  solution  of  sugar,  which  does  not  belong  to  these  classes,  con- 
taining 34i!  g.  in  the  G.iI.V.,  exlubits  the  norjnal  osmotic  pressure  of 
one  atmosphere  at  0°.  A  solution  of  one  molecular  weight  of  pjtas- 
aium  chloride  (74.5  g.)  in  the  same  volume  of  water,  however,  exhibits 
an  osmotic  pressure  of  about  1.88  atmospheres  at  0°.  The  greater 
pressure  must  Vw  due  to  the  fact  that,  although  the  number  of  mole- 
cules of  potassium  chloride  taken  is  the  same  as  in  the  case  of  sugar, 
the  number  of  aettutl  jmrticles  whose  impacts  constitute  the  pressure  is 
greater,  —  is,  in  fact,  88  per  cent  greater.  Now  the  multiplication  of 
particles  from  potasaitun  chloride  molecules  can  occur  only  by  their 
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dissooiatioB  into  jjartieles  of  K  and  CI  by  a  chemical  change  rej)- 
resentecl  by  the  equation  KCl  ;t*  K  +  (.'1.  In  thia  case,  seeing  that 
each  original  molecule  can  give  but  two  particles,  the  excess  of  press- 
ure indix^ates  that  0.88  (88  per  cent)  of  the  molecules  of  potassium 
chloride  have  been  broken  up.  Comparison  shows  that  the  degree  of 
dissociation  for  eqiii-molar  solations  of  differeitt  acids,  bases,  or  salts 
varies  widely.  For  the  same  subataneej  it  is  always  relatively  greater 
in  dilute  than  in  coneentratetl  solutions. 

It  will  be  seen  that  we  have  thus  a  purely  physical  and  perfectly 
indej)eiident  eonhrmation  of  the  indications 
ab'eady  found  in  the  chemical  behavior  of 
substances  of  this  kind.  In  practice,  on 
account  of  the  experimental  diflicnltles, 
this  method  is  not  used  for  meastu'ing  the 
degree  of  dissociation. 

DSFBESBtOM   IK  TH£    FBCEZtKrO-POINT 
OF    A   SOLVKNT. 

Measurement  of  Freezing-I'ointa. 

—  The  task  consists  in  measuring  exactly 
the  temperature  at  which  a  previously 
weighed  quantity  of  the  solvent  freezes, 
and  then,  after  dissolving  in  it  a  knoi^Ti 
weight  of  some  soluble  substance,  deter- 
mining the  freezing-point  once  more.  The 
absolute  values  of  these  two  points  are  not 
reqiured,  it  is  simply  the  difference  be- 
tween them  that  has  to  be  known  with 
exactness  {ef.  p.  163).  By  means  of  a 
very  delicate  thermometer  (Fig.  75)  having 
only  six  degrees  on  the  whole  scale,  the 
temperature  of  the  freezing  liquid  may 
be  read  to  one  one-thousandth  of  a  degree, 
A  reservoir  at  the  top  enables  us  to  add  to,  or  subtract  from,  the 
mercury  contained  in  the  bulb  and  column,  and  so  the  same  iusti-ument 
may  be  used  with  solvents  having  widely  different  freezing-points. 
When  water  is  being  employed  aa  the  solvent,  the  outer  jar  must  be 
filled  with  a  freezing  mixture  of  ic*  and  water  containing  salt.  With 
solutions  iu  benzene,  ice  and  water  are  used  alone.     To  avoid  super* 
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the  Mlf«at  or  wiltMB  amac  be  vigonmaly  ttinad  after  it 
1  eoolBd  dowB  to  »  poiat  j«at  brio*  the  feeenag-fwut. 


«<  n-^atm^-Pmimt  D^frtmtttm.  —  The  depnnoB  is 
dirBctfy  pttjportioaal  to  the  weight  of  dueolrod  sabstum  ia  « 
giT^  MmofOBt  ol  the  eotrent.  The  depmasioo  is  iorenefy  pfopop- 
to  tha  MBoonk  of  8oti«BL  Thos^  if  ve  donbk  the  eoaoeiH 
1  of  the  sohrtiaii,  the  depweaico  in  the  Cnenafffoint  is  doabled, 
Ftotber,  equal  mumbets  of  molecales  of  different  solutes  in  the  auoe 
qnantitj  of  sdrent  gire  equal  deprasaaooa.  Or,  in  other  words,  the 
depnessicm  b  pcopoitiooal  to  the  oonoentntkm  of  the  molecules  of 
the  aohite.  Tlras,  solutions  contuaing  $13  g.  of  sugar  (C„H^O,^\  or 
46  s.  of  akobol  (CjH,0),  or  74  g.  of  methjl  a«etate  (CH jC.H.O.),  in  1000 
g.  of  water,  show  a  depression  below  the  fieexing-point  of  water  of 
1.89°  in  each  case.  This  depression  pradnoed  by  a  mole  of  the  aolnta 
in  1  L  of  water  ia  called  tlie  motoonlar  aepreirtoa  cooatant  and  has  a 
different  valne  for  each  solvent.  For  solutions  of  the  same  molecular 
eonoentiation  in  benume  the  depreasion  is  4.9",  La  phenol  (carbolic 
acid)  T.S^'.    Combining  thaw  &ets  in  ose  expression : 
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The  observed  depression  )  _.  ~v. 

in  an  aqueous  solution  )  ~   '  MoL  Wt.  of  Solute  "  Wt  of  Solreat, 

For  other  solvents,  the  corresponding  yalne  of  the  depression  oonstant 
must  be  substituted  for  1,89°. 

TheN  prtnciplea  m^  be  ttpreMMJ  iiiatlienifttje«l3f  in  m  tons  whkb  la  rao- 
veniMit  for  nae.  If  A  rq>reaent  the  depreesion  In  may  actual  experiment,  I  lh«  de> 
pnmiBti  produoed  by  one  motecalar  wei^t  in  1000  grams  of  BDlrent,  W  the 
weigjit  of  the  sabMauoe,  M  its  ■Dolecalar  weigfat,  sad  g  the  weight  of  the  lolveal  in 
fnms,  then : 
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In  the  rase  of  water,  as  we  lutre  wen,  t  is  l.SO*.    For  each  solvent  the  value  of  I 
most  be  determiiLed  by  moans  of  »  substance  of  known  molecular  weight. 

These  laws  describe  the  facts  most  exactly  when  the  solutions  are 
dilute.  They  hold  only  when  there  is  uo  chemi«tl  interaction  between 
solute  and  solvent.  Even  so,  however,  acids,  bases,  and  salts  dissol\'ed 
in  water  present  many  apparent  exceptions  and  must  be  discussed 
separately. 
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DetermlnatioHof  Mnlecular  Weights. —  When  the  depression 
eonstaiit  oi'  a  solvent  liiis  uiiuu  beeu  osutjitained  by  means  of  a  sub- 
stance of  known  inolocular  weight,  tliis  method  may  be  used  for  deter- 
mining thti  moU'eiilar  weight  of  other  substaucea  which  are  soluble  in 
the  same  lifiuid.  All  the  other  factors  can  be  ohBerved  and  substituted 
in  the  formula.  Tliis  method  is  especially  useful  when  the  substance 
caunot  be  converh^d  into  vapor  without  undergoing  decomposition  (see 
Hydrogen  peroxide}. 

Fveezhig-Fointit  and  Dlxsoeifttian   in   fiolution.  —  The    sub 

stances  which  present  the  most  conspicuous  exceptions  to  the  alwve 
rules  are  acids,  bases,  and  salts  in  iwjueous  solution.  With  most  ot 
these,  the  depression  produced  is  greater  than  we  should  expect  from 
tlie  concentration  of  the  solution.  Thus,  in  an  actual  experiment,  two 
equi-inolar  solutions  were  compared.  One  contained  one  mole  (74  g,) 
of  metliyl  acetate,  and  the  other  one  mole  (58.5  g.)  of  sodium  chloride, 
each  dissolved  in  2000  g.  (2  liters)  of  water.  The  freezing-points  ob- 
served, on  the  arbitrary  scale  of  the  thermometer,  were: 

Pure  water 3.680"         Tute  water 3.680° 

Solution  of  methyl  acetate  .    E.filO"         Mulution  of  Bait    ,     .     .     1.002* 

Uepreiwion    ......    0.970°         Depression 1.(178° 

0.970° 
Eicess  di'preasion  by  salt  0.708° 

The  solution  of  methyl  acetate,  as  it  contained  only  0.5  inoles  of  tlie 
solute  per  liter  o£  water,  showed,  as  it  should  do,  about  half  the  aver- 
age molecular  depression  ( 1.89°,  p.  1'91),  This  is  typical  of  the  class  of 
substances  showing  normal  l>ehavior.  Sugar,  alcohol,  and  hundreds 
of  other  substances,  in  solutions  of  the  same  molar  concentration, 
would  have  given  the  same  value. 

The  freezing-point  of  tiie  salt  solution,  however,  was  much  lower. 
If  this  solution  had  contained  the  same  concentration  of  dissolved 
particles  as  the  other  solution,  its  depression  would  have  been  0.970" 
likewise.  The  number  of  particles  must  therefore  have  been  greater 
than  we  should  have  expected  from  the  number  of  molecules  taken. 
In  other  words,  a  portion  of  the  molecules  of  the  salt  must  have  been 
broken  up,  and  the  excess  depression,  0.708°,  must  have  been  due  to 
the  extra  particles  produced  by  dissociation.  Now  sodium  chloride 
molecules  cannot  give  more  than  two  particles  each,  and  the  depression 
is  proportional  to  the  number  of  particles.  It  follows,  therefore,  that 
JIf  g,  or  0.732  (73.2  per  cent)  of  the  molecules  were  dissociated. 
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This  result  is  typical  also.  Acids,  bases,  and  salts  of  which  one 
mole  is  dissolved  in  two  liters  of  water,  are  found  to  give  irregular 
values,  all  more  or  less  in  excess  of  0.97(y.  Those  wliich  contain  but 
two  radicals,  like  sodium  chloride  (XaCl)  and  jiotassium  nitrata 
(KNO^,  give  values  between  0.970="  and  2  x  0.970°.  Substances  like 
calcium  chloride  (CaCL)  and  sodium  sulpbate  (NajSO,)  give  depres- 
sions approaching  three  times  the  normal  value:  their  molecules 
contain  three  ratlicals.  The  excess  depression  depends,  therefore, 
upon  the  number  of  particles  which  eauh  molecule  can  furnish,  and 
upon  the  proportion  of  all  the  molecules  which  is  dissociated  into 
these  fragments. 

In  the  case  of  an  aoid,  base,  or  salt,  the  depre.%ion  is  not  strictly 
proportional  to  the  concentration.  Thus,  one  ntole  of  salt  in  four  liters 
of  water  does  not  give  half  the  depression  of  the  two-liter  solution 
(0.839°)  but  somewhat  more  (about  0.844").  The  same  method  of 
calculation  indicates,  therefore,  a  gi'cater  degree  of  dissociation 
(about  79  per  cent)  in  the  more  dilute  solution  (see  Ionic  equilib- 
rium, below). 

Acids,  bases,  and  salts,  so  far  as  they  are  soluble  in  materials  tike 
toluene,  benzene,  chloroform,  aud  carbon  bisulphide,  exhibit  simply 
normal  depressions  in  these  solvents.  It  appears,  therefore,  that  dis- 
sociation does  not  take  place  in  many  solvents.  In  common  experi- 
ence it  is  encountered  only  in  solutions  in  water,  and,  perhaps, 
alcohol. 

Mailing- Pointit  and  I>l»soHaUon  in  SoluttOH- — If  space  per- 
mitted, a  series  of  statements  might  be  made  in  regard  to  the  boil- 
ing-points of  solutions  {rf.  p.  102)  which  would  be  closely  parallel  to 
those  about  freezing-points.  The  boiling-point,  as  we  have  seen,  is 
elevated,  however,  by  the  introdiiction  of  a  foreign  bmly.  Thus,  when 
water  is  the  solvent,  one  mole  of  a  solute  in  1000  g.  of  the  solvent 
normally  raises  the  boiling-point  0.52'  {tliat  is,  from  100"  to  100.52°). 
But  acids,  bases,  and  salts  form  an  exception  to  this  rule,  as  before, 
nd  the  excess  elevation  which  they  give  is  a  measure  of  the  degree  of 
dissociation. 


Comparlaon,  of  the  ReauUft  of  the  Three  Methods.  —  When  we 
measure  the  osmotic  pressure,  the  freezing-point  depression,  and  the 
elevation  in  the  boiling-point  of  the  same  solution,  and  calculate  the 
degree  of  dissociation  from  the  result  of  each  measurement,  we  find 
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that  the  values  obtained  are  usually  identical,  within  the  limits  of 
error  to  which  the  methods  are  liable.  Indeed,  the  theory  of  this 
subject,  developed  by  van't  Hoff,  enables  us  to  connect  the  osmotic 
pressure  by  a  mathematical  relation  with  the  other  two  phenomena,  and 
to  calculate  any  one  of  the  three  from  any  other. 

The  connection  between  ttie  ihree  Rets  of  phenomena  cannot  be  explained 
here.  It  ia  treated  In  all  works  on  Physical  Clieinistry.  It  may  be  pointed  out, 
however,  tUat.,  in  one  eBseutial  respect,  experiments  in  osmotic  pres3iu-e,  and  in 
the  freezing  and  bolliug  of  salutions,  are  all  alike.  The  perception  of  oatnotic 
pressnre  involves  a  partition  which  the  solvent  nlone  can  pasH,  and  tlic  osmotic 
pressure  for  a  given  solution  is  the  one  required  to  force  the  solvent  out.  In 
freezing  a  solution,  pure  ice  is  ssepttrated,  and  so  a  similar  extruiiinti  of  rv  part  of  the 
pure  solvent  i»  effected.  In  a  boiling  solution,  for  which  the  above  rules  hold,  the 
vapor  is  oojnposed  of  the  pure  solvent,  and  the  solute  remaius  behind.  The  rela- 
tion betneen  the  three  operations  lies  in  the  fact  that  in  each  case  the  same  thing, 
namely,  the  separation  of  a  part  of  the  solvent,  is  done.  EacSi  method  effects  this 
in  a  different  way.  But  the  expressions  rt:pre!ient!ng  the  work  done,  in  terms  of 
the  factors  which  define  the  work  in  each  case,  can  be  equated  in  pairs  and  the 
required  relation  established.  Thus  the  molecular  depression  of  the  freezing-point, 
or  the  tnolacuiar  elevation  in  the  boiling-point,  as  we  have  defined  them,  is  equal 
to  0,002  T'  ^  g,  where  T  is  the  absolute  t«mpei'ature  of  the  freezijig-  or  boiling- 
point,  and  q  is  tiie  iieat  of  fusion  or  vaporization,  as  the  case  may  be.  Water,  for 
example,  freezes  at  273"  abs.,  and  it*  heaLot  fusion  is  79  cal.  per  gram,  from  which 
the  calculated  molecular  depression,  0.002x273'  +  70,  or  1.88',  is  obtained.  Simi- 
larly, using  the  boiling-point,  373°  abs.,  am!  the  heat  of  vaporization,  &37  cal.  per 
gram,  we  calculate  the  molecular  elevation  of  the  boiling-point  to  beO.518^ 

It  ought  to  be  added  that  abnormrtll!/  smail  oamotic  pressure*,  freezing-point  de- 
pressinns,  and  boiling-point  elevations,  are  also  frequently  observed.  This  occurs, 
however,  almost  wholly  in  non-aqueous  iKtlveuls,  such  as  benzene.  It  is  shown 
particularly  by  substances  containing  oxygen,  and  is  even  noticed  in  the  case  of  I 
acids,  bases,  and  salts.  By  parity  of  reasoning  we  infer  that  in  these  cases  associa- 
tion (<^.  p.  342)  of  the  molecules  has  occurred,  and  that  the  physical  unit  of  the 
solute  in  these  solvents  Is  larger  than  the  ordinary  molecule. 


The  Application  of  these  CoNtLtJstoNa  in  Chemistry. 

The  CoHstUtttion  of  Solittions  of  Achln,  Sasen,  and  Salta.— The 

composition  of  solutious  which  are  normal  or  abnormal,  in  reapeet  to 
osmotic  pressure,  freezing-point,  and  boiling-point,  may  be  shown  thus  : 


SOLUTZS. 


OtssoLVicD  at  Wa- 

TEBi  AliCOHOL,  KTC. 


DiSaOLVTtD  III 
POUn,  KTC. 


Acids,  bases,  salts 
Other  substances 


Abnormal 
Normal 


Normal 
Normal 
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It  appears  that  water  and  some  other  solvents  liave  the  power  of 
breaking  up  the  molecules  of  acids,  beaes,  and  salt«  asul  of  holding  the 
fr^ments  apart  from  one  another  and  hindering  their  reunion.  In 
consequence  of  this,  our  view  of  tlie  nature  of  an  atiueoua  solution  of 
bydrogen  chloride  (HCl),  or  common  salt  (JfaCl),  or  sodium  hydroxide 
(NaOH),  or  any  of  the  substances  of  the  classes  which  these  represent, 
may  now  be  stated  in  definite  terms.  Such  a  solution  contains,  besides 
undivided  molecules  of  the  solute,  at  least  two  other  kinds  of  material, 
H,  Na,*  CI,  OH,  etc.,  which  result  from  the  breaking  up  of  the  molecules. 
We  shall  see  that  these  sulxlivisions  of  the  original  molecules  have 
distinct  physical  and  chemical  properties  of  their  own.  The  descrip- 
tions of  the  "  properties  "  of  the  solutions,  as  they  used  to  be  given  in 
chemistry,  were  really  a  confused  statement  of  the  projierties  of  the 
different  constituents  of  a  mixture  of  molecules  and  their  fr^menta. 
Thus  the  indications  of  dissociation  found  in  the  chemical  feeliavior 
of  acids,  bases,  and  salts  (p.  282)  are  fuUj  confirmed  by  a  study  of 
the  physical  properties  of  their  solutions.! 

Tbe  suggestfon  that  the  multiptication  of  part  teles  takes  place  b;  ioieractioa 
of  the  sftit  with  part  of  ih#  water.  X'aCl  +  H,0  ^  NaOH  +  HCl,  reaultmg  Uj  tJjB 
IirodactioD  of  two  motecules  ot  diEsolved  matter  from  one,  is  open  to  mwertl  fatal 
objections.  It]  ttie  case  of  a  higbl;di«8oci&ted  salt,  according  to  this  ezplanation, 
the  lulxtog  of  llie  acid  and  b«se  in  dilute  tolalion  xboukt  result  in  no  particular 
cbaii^  and  give  rise,  therefore,  to  no  development  of  heat.  But  the  heat  of  neatral- 
izatioii  is  very  gr^at  in  such  cases.  This  is  an  esajnpie  of  a«tochastic  hypothesis 
(p.  142),  be  it  noted,  and  its  verity  or  falsity  can  be  put  to  the  (e«t  al  ouce.  Its 
inapplicability  is  further  seen  in  the  fact  that  it  cannot  explain  the  dliHociatloQ  of 
acids  and  bases  tbetuselveg. 

The  free  radicals,  of  whose  eiistcnce  we  have  thus  become  convinced,  1 
constitute  a  new  set  of  materials.     Thus  the  hydrogen  radical  of 
although  a  form  of  tmcombiued  hydrogen,  differs  totally  from  tlie  ] 
which  is  composed  of  the  same  material.    The  latter  has  no  sour  taste 
or  effect  upon  litmus.     It  is  rery  slightly  soluble  in  water,  while  the 
hjrdrogen  radical  exists  as  a  separate  substance  only  in  solution.     Again, 
Bubstanoea  with  the  composition   of  the  radicals  NO,  and  SO^  are  nofe  i 
known  at  all  except  in  solutions.     The  chief  peculiarity  of  these  8ub<^ 
Stances  is  that  a  solution  cannot  be  made  which  contains  less  than  two  I 

■  The  objection  that  sepante  atoms  of  lodiom  eonld  not  remabi  free  In  water, 
wiU  be  dispowd  of  lat^. 

t  Recent  ofaserrations,  ahowinc  that  in  aome  cases  rapid  doabla  deconiwdUoM 
of  the  norma)  kitid  take  place  in  solutions  which  exhibit  no  physical  evidenoe  of  tli« 
r  of  disKiciatton,  demonstrates  that  it  would  have  been  unsafe  to  infer  dia- 
I  trom  chemical  evidence  alone. 
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kinds  of  them  side  by  side.     A  mehe,  therefore,  must  be  created  in  our 
molecular  hypothesis  to  receive  these  new  subatances. 

NonU'Hclature  :  The  Itmic  IlypothfUta,  —  Our  chemical  mole- 
cules are  the  uuits  of  material  in  the  gaseous  condition  (p.  198).  Evi- 
dently smaller  units,  wliieh  may  nevertheless  contain  more  than  one 
atom,  nmst  Itc  iissuuied  to  exist  in  solution.  These  uuits,  for  a  reason 
that  wiU  appear  later,  are  called  iona,  and  their  composition  corresponds 
to  that  of  the  ratlicals.  The  dissociation  of  molecules  into  ions  is 
named  ioniaation.  The  substances  of  the  three  classes  which  alone 
are  ionized  may  be  designated  ionogens.  Since  ions  are  discrete  parti- 
cles, they  are,  in  all  physical  respects,  molecules.  Thus  we  speak  of 
the  mulecul/tr  concentration  of  iouic  hydi'Ogen,  just  as  we  do  of  that  of 
dissolved  or  of  gaseous  hydrogen. 

Tlie  Bokition  of  an  ionised  Kubstmnce  ia  called  an  electrolyte  {q.v.),  and  often 
thJBlerm  is  applied  also  to  acids,  bases,  and  salts  tliemselvos,  because,  when  dis- 
solved, they  produce  electrolytes.  This  is  rather  a  confusing  metonymy,  however, 
beoatUie  thebO  bodies  by  themselves  are  not  canductort.  This  use  of  the  term  also 
iotroduces  obscurity  because  it  connects  tlie  ionization  vf  ith  electrolysis  and  always 
conveys  the  impreaaion  that  the  latter  prtxluces  the  farmer.  The  electrolytic  prop- 
erty of  ions  is  only  one  amongst  many  special  properties  of  electrolytes,  and  the 
majority  of  these  properties  are  chemical  and  have  nothing  to  do  with  electrolysis. 
Hence  we  have  preferred  the  more  general  word  "  ionogen." 

The  radicals  aud  their  chemical  behavior  are  real,  and  all  the  peetil- 
iarities  of  aqueous  solutions  of  acids,  Itases.  aud  salts  are  experimental 
facts.  Ions,  however,  like  corpuscles,  atoms,  and  molecules,  are  }»art 
of  our  great  system  of  formulative  hypotheses  and  are  added  to  it  in 
order  to  maintain  its  self-consistency.  We  apply  that  part  of  the 
hypothetical  system  known  as  Avogadro's  hypothesis  to  solutions,  and 
finding  poi-tions  of  molecules  which  do  not  exist  in  the  gaseous  coi\- 
dition  and  which  have  special  proiierties  of  their  own,  a  new  class  of 
unit  masses  has  to  lie  established.  Molecules  are  units  which  are  not 
commonly  disintegrated  hy  vai>orization  (p.  198) ;  ions,  those  which 
axe  not  commojily  disintegrated  in  double  decomposition  in  solution  j 
atoms,  those  which  are  not  coniinouly  disintegrated  in  any  chemical , 
action.  But  there  are  exceptions  in  each  of  the  three  cases.  The  ionifl 
hypothesis  was  first  suggested  by  Arrheuius  (1887)  immediately  after] 
the  publication  of  van  't  Hoff 's  correlation  of  the  facts  about  osmotic  ' 
pressure  (p.  288). 

It  is  worth  noting  that  tlie  quantities  expresoed  by  the  formuliE  Al,  Ca,  and 
K,  when  existing  as  ions,  produce  equal  osmotic  presBiu^s,  and  liave  equal  effects 
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upon  the  treezing-  and  boUing-poinia.  This  U  a  (uithet  jtutificftUon  for  our  cboica 
of  dietuics!  unit  quantities  of  tbe  elements  (atomic  weighu),  for  the  atomic  weights 
b&rc  these  properties  in  common,  and  equivalents,  of  course,  do  uol  (q/.  p.  SIO). 

loHie  EguilibHutn.  —  Since  the  iocs  are  chemically  different  fnom 
their  parent  molecules,  their  formatioo  represents  a  variety  of  chemi- 
cal change.  The  change  does  not  inTolre  any  chemical  interaction  with 
the  water,  of  the  nature  of  hydrolysis,  for  cases  in  which  this  takes  place 
are  expressly  excluded  from  consideration.  It  is  simply  a  dissocia- 
tion, t,*-,  reversible  decomposition  of  the  dissolved  substance. 

From  the  fat^t  that  the  pr<o[>ortion  of  molecules  ionized  is  shown  to 
become  greater  as  more  and  more  of  the  solvent  is  added,  and  that 
removal  of  the  solvent  diminishes  the  proportion  of  ions  to  molecules, 
and  finally  leaves  us  the  substaooe  entirely  restored  to  the  molecul;ir 
ocodition,  we  know  that  this  is  a  reversible  action  and  therefore  a  true 
dissociation.  The  molecules  and  their  ions  adjust  themselves  like  the 
ooustituents  in  any  case  of  chemical  equilibrium.  In  the  cases  above 
mentioned  we  should  have  the  foUowing  actions  taking  place  :  * 

HCl  ;=i  H'  +  Cr      XaCl  ^  Na"  +  CI'      NaOH  ^  Ka"  +  OH'. 

These  equilibria  are  all  of  precisely  the  same  nature  as  that  of 
phosphorus  pentachloride  vapor  (p.  2o5),  and  the  discussion  of  the] 
latter  should  be  reexamined  and  applied  by  the  reader.     The  soL 
difference  is  that  here  change  in  volume  is  effected,  not  by  compression^ 
ir  by  release  of  pressure,  but  by  removing  or  adding  water.     The 
adjustment  to  a  condition  of  equilibrium,  however,  seems  to  be  instan- 
taneous where  ions  are  concerned,  while  in  other  chemical  actions  it 
always  takes  a  perceptible,  and  often  a  considerable  interval  of  time. 

Using  C^,  C^,  and  C,  for  the  molecular  concentrations  (numbers  ' 
per  liter)  of  the  molecules,  and  the  two  ions,  respectively,  we  bav 
an  equilibrium  constant  (rf.  p.  254),  in  tbia  ease  called  the  ionixadon 

When  we  dissolve  a  single  substance  which  gives  only  two  ions,  the 
jaolecalar  concentrations  of  the  ions  are  neceesarily  equaL     Henoe, 


in  such  a  case,  -^  : 


'n'hen  some  other  ionogen  with  a  common 


ion  is  present,  however,  the  values  of  C,  and  (7,  will  be  different. 

*  Tlie  cy^mbols  Na*,  CI',  etc.,  ar«  awd  to  imlicAte  ihftl  these  are  iona,  and  iia 
Metlcal  with  atoms,  Na,  CI,  etc.    The  negative  raitioali  and  bf  droxf  I  are  dmln-J 
I  thus,  NO/,  OH',  atid  the  othen  hy  a  dot,  H*,  K*. 


Considering  the  form  of  the  above  mathematical  expression,  it  will 
be  seen  that  when  the  degree  of  ionization  ia  great,  C,  and  C,  are  larger 
than  C,,  and  the  value  of  K,  the  ionization  constant,  will  be  great. 
On  the  other  hand,  in  the  case  of  feebly  dissociated  substances,  the 
value  of  K  will  be  small.  Furthermore,  if  by  the  addition  of  more 
water  we  diminish  all  the  concentrations,  this  will  momentarily  affect 
the  numerator  more  than  the  denominator  (cf.  p.  298).  In  order,  there- 
fore, that  the  value  of  the  whole  expression  may  remain  constant,  the 
concenti-ationa  of  the  ions,  represented  by  C^  and  C„  must  become 
greater,  and  can  only  do  so  at  the  expense  of  the  concentration  of  the 
undiasociated  molecules,  represented  by  C^.  Our  formula,  therefore, 
represents  successfully  the  fact  ttiat  dilution,  which  diminishes  the  con- 
centration of  all  the  substances,  produces  a  greater  degree  of  ionization. 

A  more  general  form  of  treatment  will  be  required  later.  If  a  be 
the  number  of  moles,  aay  of  acetic  acid,  originally  taken,  v  the 
volume  of  the  solution  in  liters,  and  x  the  number  of  molea  ionized, 
then  the  molar  concentrations  at  equilibrium  will  be 


Therefore, 


C  =- — ^and  C,  =  C.=  -. 


=  A",    or,   ~ ;—  =  K. 


{a  —  x)u 
This  is  known  as  Ostwald's  dilution  formul&. 


Exere{»es.  ^1.  A  one  per  cent  sugar  solution  gives  an  oamotio 
pressure  of  516  mm.  at  15',  Wlmt  ia  the  molecular  weight  of  sugar? 
Assume  that  the  sp,  gr.  of  the  solution  is  1. 

2.  What  gaseous  pressure  would  be  exerted  by  a  gas  of  the  same 
molecular  concentration  as  a  one  per  cent  solution  of  sugar  at  15° 
(ji.  288)  ?  Compare  the  answer  with  the  osmotic  pressure  of  the 
solution. 

3.  What  depression  in  the  f.-p.  of  water  will  be  produced  by 
dissolvinjj  10  g.  of  bromine  in  1  kg.  of  this  solvent  ? 

4.  What  depressions  in  the  f,-p.  of  benxene  and  of  phenol  would 
be  produced  by  10  g.  of  bromine  to  1  kg.  of  the  solvent,  if  no  chemi- 
cal action  tf»ok  place  ? 

5.  What  ia  the  molecular  depression-constant  of  a  solvent  in 
which  5  g.  of  iodine  in  500  g.  of  the  solvent  lowera  the  f.-p.  0.7°? 

6.  What  ia  the  degree  of  diaaociation  of  zinc  sulphate  if  6  g.  of  it 
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dissolved  in  125  g.  of  water  produce  a  lowering  of  0.603°  in  the  f.-p.  ? 
What  is  the  molecular  conceotration  of  each  of  the  three  substancea 
present  in  this  solution  7 

7.  What  will  be  the  approximate  b.-p.  of  a  solution  of  common 
salt,  saturated  at  100°  (p.  157)  ?  Assume  that  the  solute  is  80  per 
cent  dissociated. 


Appendix:  Recent  Meaaurementa  of  Ostnotie    Pressure, — 

Measure meutB  of  osmolic  pressure  by  Morse  ajid  Friuer,  published  since  Cbe  fore- 
goiag  was  written,  are  tbe  only  ouea  yet  made  which  deal  With  preBBures  of  more 
Llian  Ihree  or  four  aliuospheres. 

The  actual  measurement  is  made  according  to  the  general  method  described  on 
p.  287,  that  is,  by  means  of  a  porous  porcelain  cup  or  cylinder  which  contains 
the  semi-permeable  meuibraue  within  its  walls,  and  is  attached  to  a  manometer 
containing  an  incloee<t  volume  of  nir  over  mercury. 

The  membrane,  however,  is  deposited  electrolytically,  instead  of  by  diffusion. 
The  method  of  procedure  is  briefly  as  follows  ;  The  porous  cylinder,  after  the 
removal  of  the  air  from  Its  walls  by  "electrical  endosmosc,"  is  surnjunded  by  a 
copper  electrode,  and  both  cup  and  electrode  are  immersed  in  a  0,1  K  solution  of 
copper  sulphate.  The  other  electrode,  the  anode,  is  placed  within  the  cup,  which 
is  fliled  with  a  0.1  N  solution  of  potassium  ferrocyauide.  A  current  of  electricity 
with  an  electromotive  force  of  110  volts  is  then  passed  through  the  solutions  and 
the  porous  wall  of  the  cylinder,  from  the  copper  to  the  platinum  electrode,  and  the 
membrane  of  copper  ferrocyonide  is  deposited  either  upon  the  interior  surface  of 
the  cnp,  or  withiti  its  walls.  By  proceeding  in  this  way,  only  from  one  to  three 
hours,  instead  of  several  days,  are  required  for  the  formation  of  a  auitaWe  rnembrriue. 

The  following  table  contains  the  results  of  some  measurements  made  with 
soiations  of  cane-sugar  in  water.  The  proportionality  between  concentration  and 
osmotic  pressure  is  evident. 


HoLzs  SuOAB  ni 
um  Qbahs  Waths. 

Osmotic  Prssrubk 

(ATHOBFBBKEa). 

MOLSa  StIOAB  IX 

IOOOObahiWateo. 

Osmotic  Pkkbbubb 
(Atkosfbebxb). 

0.3 
0.4 

4.83 
9.72 

0.6 
1.0 

12.15 
24.4C 

From  data  already  obtained  by  Morse  and  Frazer,  It  leema  veiy  probable  that 
the  statement  of  one  of  van 't  Hotf's  laws  (p,  288)  will  have  ti>  be  modified,  for  it  is 
found  that  "cane-sugar,  dissolved  in  water,  exerts  an  osmotic  pressure  equal  to 
that  which  it  would  exert  if  it  were  gasified  at  the  same  temperature  and  the  volume 
of  the  gas  were  reduced  to  that  of  the  solvent  in  the  pure  state"  {Amer.  Chem. 
Jour.,  July,  1906). 


CHAPTER  XVni 

OZONB   AHD   HTDROGEN   PEROXIDE 

A  PREsH,  penetrating  odorj  resembling  that  of  very  dilute  chlorine, 
was  noticed  by  van  Marum  (1785)  Jis  Ixsing  perceptible  near  an  elec- 
trical machiiib  in  oiieration.  Schoubciii  (1840)  sliowed  tliat  the  odor 
was  that  of  a  distinct  substance,  which  he  named  ozone  (Gk.  o^uv, 
to  smell),  and  he  discov^ered  a  number  of  ways  of  obtaining  it.  It  is 
very  questionable  whether  there  is  any  ozone  in  the  air,  excepting 
temporarily  in  the  imniBdiate  neighborhood  of  a  natural  or  artificial 
discharge  of  electricity. 

PreparativH  of  Ozone.  —  The  most  satisfactory  way  of  prejiar- 
ing  ozone  {O,}  is  to  allow  electric  waves  to  pass  through  oxy^n. 
The  apparatus  (Fig.  76}  consists  of  two  eo-axial  glass  tubes,  Iwtween 
which  the  oxygen  flows.     The  waves  are  generated  by  connecting  an 


Fio.  76. 

outer  layer  of  tinfoil  on  the  outer  tube,  and  an  inner  layer  of  tinfoil 
in  the  inner  tube  witli  the  poles  of  an  induction  coil.  With  dry,  cold 
oxygen,  alwut  7.5  per  cent  of  the  gaa  is  easily  turned  into  ozone. 
Under  the  best  conditions  this  proportion  cannot  be  much  exceeded. 

Ozone  is  found  in  the  oxygen  generated  by  electrolysis  of  dilute 
sulphuric  acid  (p.  95),  Some  of  it  is  produced  when  sulphuric  acid 
acts  upon  o.xides  which,  with  this  reagent,  liberate  oxygen,  e.g., 
2BaOj  +  2H,S0,  -^  2BaS0j  +  2HjO  +  Oj.  It  aiisea  during  the  slow 
oxidation  of  phosphorus  by  the  air,  resulting,  probably,  from  the  de- 
composition of  unstable,  highly  oxidized  bwlies  which  arc  formed 
during  the  action.  Oxygen  containing  as  much  as  15  per  cent  of  it 
is  produced  by  the  interaction  of  fluorine  and  water  (p.  211). 

800 
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Phpaical  Projiei'ties  of  Ozone.  —  Ozone  ia  a  gas  of  blue  color. 
It  boils  at  —  113°,  so  that  when  a  mixture  of  oxygen  and  ozone  ia  led 
through  a  U-tube  immersed  in  liquid  oxygen  (—  182,5'),  the  ozone  is 
liquefied.  The  opaque,  deep-blue  fluid  contains  only  alwut  14  per 
cent  of  oxygen,  and  this  may  be  removed  by  evaporation. 

Ozone  is  much  more  soluble  in  water  than  is  oxygen.  Its  solubility 
shows  that,  at  12",  100  volumes  of  water  would  dissolve  50  volumes  of 
the  gas  at  one  atmosphere  pressure.  Its  solubility,  when  mixed  with 
oxygen,  is  in  proportion  to  its  partial  pressure  (p.  155). 

Chemical  Properties  of  Ozone.  —  Ozone  is  relatively  stable  only 
when  mixed  with  much  oxygen.  Hence  its  density  and  molar  weight 
cannot  be  ascertained  save  by  iudirect  means.  The  weight  of  a  liter 
of  the  mixture  at  0°  and  760  mm.  having  been  measured,  the  OKOne 
may  be  removed  by  absorption  in  turpentine  ;ind  the  proportion  of  it 
present  in  the  gaseous  mixture  be  thus  ascertained.  For  example,  if  the 
weight  of  1  1.  was  1.4C8  g.  and  50  c.o.  were  absorbed  by  turpentine, 
there  were  950  c.c,  of  oxygen.  The  weight  of  this  oxygen  is  1000  : 
950  : :  1.429  :  x,  from  which  x  =  1,361  g.  The  rest  of  the  weight, 
1,468—1.361  or  0.107  g.,  was  that  of  50  c.c.  of  ozone.  Tlie  weight  of 
1  1.  of  ozone  at  0°  and  760  mm.  is  therefore  2.140  g.  The  molecular 
weight  (weight  of  22.4  1.)  is  thus  47.9  g.,  or  nearly  48  g,  The  for- 
mula of  ozone  is  therefore  0,. 

When  ozonized  oxygen  is  heated,  the  ozoae  is  decomposed  at  about 
250-300°.     The  action  for  its  formation : 

30,  ^  20, 

is  therefore  reversible.  That  this  equation,  showing  that  three  mole-  ■ 
cules  of  oxygen  give  two  molecules  of  ozone,  is  correct,  may  be  demon-' 
strated  by  measuring  the  diminution  in  volume  which  acwmjiuuies  the 
action.  If  a  shrinkage  of  5  c.c.  is  observed  in  forming  the  ozone,  it  is 
found  that  10  c.c.  more  are  then  absorlied  by  turpentine.  Thus  the  ozone 
occupied  10  c.c,  and  the  total  oxygen  from  which  it  was  made  was 
therefore  15  c.c.     Hence  three  voJmnes  of  ox^'gen  give  two  of  ozone. 

The  formation  of  ozone  absorbs  much  energy  from  the  electric  waves, 
or,  in  other  methods  of  making  it,  from  the  concomitant  chemical 
changes : 

0  +  O^  =  0,  -  32,400  caL 

Ozone  is  a  much  more  active  oxidizing  agent  than  oxygen.  Mercury, 
and  silver,  which  are  not  affected  by  the  latter,  are  converted  into 
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oxides  by  the  former.  8il?er  gives  the  peroxide,  Ag,0„.  Paper  dipped 
in  starch  emulsion  uontaining  a.  little  potassium  iodide  is  used  as  a 
teat  for  ozone  : 

0,  +  2KI  +  Kfi  -» O3  +  2K0H  +  I,. 

The   iodine  gives  a  deep-blue  color  to  the  starch  (cf.  p.  235).    Thia 
test,  however,  will  not  distiuguiah  ozone  from  chlorine  or  hydrogen 
peroxide,  and  may,  therefore,  be  used  only  in  the  absence  of  these  sub- 
stances.    The  last  substance  is  always  present  in  the  air,  and,  since  air 
usually  shows  the  above  action,  is  probably  responsible  for  the  ttelief 
that  air  contains  ozoue.     The  action  on  silver  has  never  been  obtained 
with  air.     Ozone  also  removes  the  color  from  organic  dyes,  such  as 
indigo,  by  oxidizing  them  (cf.  p.  269).     Its  activity  as  an  oxidizing 
agent,  like  the  similar  activity  of  hypochlorous  acid,  is  due  to  the  fact  ] 
that  it  contains  much  more  energy  than  oxygen.     In  all  its  actions  the) 
energy  set  free  is  greater  by  this  excess  than  that  liberated  when  oxy-\ 
gen  is  used. 

Oxygen  and  ozone  are  different  substances  (p.  35),  that  is,  have 
different  properties.  The  difference  in  density,  interpreted  in  terms 
of  the  molecular  hypothesis,  gives  us  the  statement  of  the  nature  of 
the  difference  which  is  embodied  in  the  formuliE  O,  and  0,.  The  differ- 
ence in  activity,  interpreted  in  terms  of  the  conception  of  energy,  gives 
U8  the  other  method  of  stating  the  nature  of  the  difference.  The  re- 
cent preference  for  the  second  method  is  well  illustrated  by  this  case. 
The  first  method  uses  a  mere  physical  property,  the  second  a  fact 
which  is  intimately  connected  with  the  whole  chemical  behavior  of  the 
substance,  a  matter  of  much  greater  interest  to  the  chemist. 

Ozoue  may  be  distinguished  from  chlorine,  nitrogen  peroxide,  and  other  oxi- 
dising ageuts,  with  the  excepiioti  of  hydrogen  peroxide,  hy  using  pink  Ulinus  paper 
initead  of  ptttu  paper  to  carry  the  polEifsium  icidide  Eohition  in  the  above  test. 
The  potassium  hydroxide  set  free  by  ozone  turns  the  papor  blue.  Chlorine,  (or 
example,  gives  an  entirely  different  action  :  Clj  +  2KI  — *  3KCI  +  1,. 

Ozone  is  used  conimercially  in  bleaching  oils  and  in  purifying 
starch.  It  is  employed  also  for  sterilizing  drinking  water  in  Lille  and 
other  cities. 

Hydrogen  Pkboiidk. 

Hydrogen  peroxide  (HjO,)  is  found  in  minute  amounts  in  rain  and 
buow.  It  is  fonued  in  small  quantities,  in  a  way  not  at  present  under- 
stood, when  moist  metals  rust. 
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Preparation  of  Hydrogen  Pm-oxide.  —  When  aodium  peroxide 
iq-v.)  is  added,  a  tittle  at  a  time,  to  a  dilute  acid,  hydrogen  peroxide  is 
set  free : 

Na,Oj  +  2HC1  £5  SNaCl  +  H,0,. 

It  maybe  separated  from  the  salt  (and  a  large  part  of  the  water) 
by  repeatedly  shaking  the  mixture  with  ether  {rf.  p.  156),  The  rela.- 
tive  solubility  in  water  and  ether  is  1  : 0.0596,  however,  so  that  much 
ether  is  needed.  The  ethereal  layer,  which  rises  to  the  top,  whea 
evaporated,  leaves  a  strong  aqueous  solution  of  the  compound  behind. 

When  hydrated  barium  peroxide  (BaO,,  8HjO)  is  shaken  with  cold, 
dilute  Bulphurio  acid  a  similar  action  takes  place: 

BaO,  +  H,SO.  fe;  BaSO«  \  +  H,0,. 

The  excess  of  sulphuric  acid  may  be  removed  by  adding  barium 
hydroxide  solution  cautiously  until  no  further  precipitation  of  barium, 
sulphate  occurs  :  Ba(OH)j  +  H,SO,  t^  BaSO,  [  +  2HjO.  Hydrocldoric 
acid  or  phosphoric  acid  may  be  used  instead  of  sulphuric  acid.  The 
second  is  largely  employed  in  the  commercial  manufacture  of  hydrogen 
peroxide.  In  each  case,  great  care  has  to  be  taken  to  precipitate  the' 
other  products  and  all  impurities  from  the  solution.  When  hydro- 
chloric acid  is  used,  for  example,  the  barium  chloride  produced  by  the 
action  is  removed  by  adding  silver  sulphate  : 

Bad,  +  AgjSO,  t^  BaSOJ  +  2AgCli, 

An  aqueous  solution  is  also  obtained  by  passing  carbon  dioxide 
through  barium  peroxide  suspended  in  water  r  i 

BaO,  +  CO,  +  IL,0  fc5  BaCO,  |  +  H,Oj. 

Pure  hydrogen  peroxide  is  isolated  from  any  of  these  solutions  by 
distillation  under  reduced  pi-essure  (p.  276).  It  is  much  less  volatile  than 
water,  but  decomposes  into  water  and  oxygen  violently  at  100°.  Hence 
the  lower  pressure  is  required  to  make  possible  its  volatilization  at  a 
temperature  below  this  point.  At  68  mm.  pressure,  the  water  begins  to 
pass  off  first  (at  about  45").  The  last  portion  of  the  liquid  boils  at  84r- 
85"  and  is  almost  all  hydrogen  peroxide. 

By  evaporating  the  commercial  (3  per  cent)  solution  at  70^,  a  liquid 
oontaining  45  per  cent  of  hydrogen  peroxide  may  be  made  without 
much  loss  of  the  material  by  volatilization. 


J 


INORGANIC 

The  Interaction  of  Barhnn  Peroxide  and,  Sulphuric  Acid, — 

It  is  worth  uoting  that,  although  Rommou  bariuni  peroxide  is  not  less 
soluble  in  water  than  ia  the  hydrated  form,  it  dissolves  much  more 
slowly.  The  fact  that  it  ia  made  by  heating  barium  oxide  in  oxygen 
and  is  composed  of  compact  particles  is  accountable  for  this. 

Every  action  upon  a  little-soluble,  or  slowly  dissolving  body,  like 
the  barium  peroxide  in  the  above  actions,  is  rather  complex.  It  ia 
only  the  dissolved  part  of  the  subst4ince  that  interacts.  Tliere  is  thus 
a  physical  equilibrium  between  the  undissolved  and  the  dissolved  j 
bodies,  BaO,  (solid)  ^  BaO,  (diss'd),  the  displacement  of  which  fur- 
nishes the  material  for  the  chemical  action.  The  latter  has  therefore  to 
follow  the  pace  set  by  the  former.  When  bariuni  sulphate  is  precipi- 
tated, another  physical  equihbrium  follows  the  chemical  change : 
BaBO^  (diss'd)  ;=•  BaSO,  (aoUd).  When  relatively  insoluble  bodies  are 
used  or  produced,  there  is  thus  a  chain  of  equilibria  each  depending 
on  the  others : 

BaO,  (aolid)  t^  BaO,  (disa'iJ)  +  H,SO,  £5  li,0,  -I-  BaSO^  (diss'd)  fc;  BaSO^  (solid). 

If  the  barium  sulphate  ceased  to  be  precipitated,  its  interaction  in 
solution  with  the  hydrogen  peroxide  would  drive  the  central  action 
backwards,  and  barium  peroxide  would  be  precipitated  instead.  The 
success  of  the  process  thus  depends  on  the  fact  that  barium  sulphate 
is  even  less  soluble  than  barium  peroxide. 

When  carbon  dioxide  is  used  (see  above),  a  similar  chain  of  equili- 
bria exists,  and  in  that  case  it  is  the  barium  carbonate  that  is  the  less 
soluble  substance. 


Other  Modes  of  Formation.  —  Hydrogen  peroxide  is  formed  by 
the  direct  union  of  hydrogen  and  oxygen.  When  a  hydrogen  tlame  is 
allowed  to  play  upon  ice,  appreciable  amounts  of  the  peroxide  are 
saved  from  being  decomposed,  as  they  ordinarily  would  be  by  the 
heat  of  the  action,  and  are  found  in  the  water. 

It  may  be  obtained  by  the  action  of  acids  upon  the  peroxides  of 
calcinm,  strontium,  zinc,  and  copper. 

Tr&ces  of  hydrogen  peroilde  are  formed  when  zinc,  copper,  lead,  and  other 
meials  ore  shaken  with  air  and  dilute  Bulpliiiric  acid.  It  isprodueed  when  oxygen 
ii  passed,  in  tlie  neighlHirhood  of  the  negative  electrode,  tliroiigh  the  li(tuid  in  an 
electrolytic  cell  containing  dilute  sulphuric  acid.  The  gas  is  reduced  by  the  hydro- 
gen being  liberated  on  the  platinum  plate. 
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Physical  Proiteftiefi.  —  Hydrogen  peroxide  is  a  syrupy  liquid  of 
Bp.  gr.  1.5.  It  blisters  the  skin,  and,  when  diluted,  has  a  disagreeable 
metallic  taste.     It  lias  been  frozen  (ni.-p.  ~  2°). 

Chemical  Pfopertiefi.  —  Hydrogen  peroxide  is  very  unstable,  and 
decomposes  slowly  even  at  —  20°.  The  dilute  aqueous  solution,  when 
free  from  impurities,  keeps  fairly  well.  The  presence  of  a  trace  of 
free  acid  increases  its  stability.  Free  alkalies  and  most  salts  assist 
the  decomposition  ;  bence  the  necessity  for  purifying  tlie  commercial 
solution.  Addition  of  powdered  metals,  of  manganese  dioxide,  and 
of  charcoal  causes  effervescence  even  in  dilute  solutions,  and  oxygen 
escapes : 

2H,0.,  -»  2H,0  +  0,, 

The  more  concentrated  solutions  (38  per  cent)  remain  quiescent  in  a 
dish  of  polished  platinum  even  at  60',  but  the  making  of  a  slight 
scratch  on  the  bottom,  beneath  the  surface  of  the  liquid,  causes  pro- 
fuse liberation  of  oxygen  along  the  sharp  edge  thus  produced.  The 
action  of  the  catalytic  agents  is  therefore  probably  mechanical. 

Since  the  substajice  cannot  be  vaporized,  even  at  low  pressure, 
without  some  deeoinposition,  its  molar  weight  has  been  determined  by 
the  freezing-point  method  (p.  291).  The  freezing-point  of  a  3.3  per 
cent  solution  in  water  was  2.03^  below  that  of  the  water  itself.  Hence, 
in  1000  g.  of  water,  3.3  g.  would  have  given  a  depression  of 
2.03  X  96.7  -i- 1000,  or  0.196°.  Therefore  a  depression  of  1M°  would 
have  been  caused  by  3.3  X  1.89  -¥■  0.196,  or  31.8  g.,  which  is  the  re- 
quired molar  weight.  Now  the  formula  HO  corresponds  to  a  molar 
weight  of  17  and  H,Oj  to  one  of  34.  It  is  evident,  therefore,  that  the 
latter  is  the  correct  formula. 

Hydrogen  peroxide,  in  solution  in  water,  is  a  feeble  acid.  The 
normal  molar  weight  aud  very  small  electrical  conductivity  (see  Chap. 
xix)  show  that  only  a  very  small  proportion  of  it  can  be  ionized.  As  an 
acid  it  enters  into  double  decomposition  readily.  Thus,  when  it  is 
added  to  solutions  of  baa'inm  aud  atroutiuin  hydroxides,  the  hydi'atcd 
peroiides  appear  as  crystatUne  precipitates  : 

Sr(0H)3  -I-  HjO,  ^  2H,0  -f-  SrO,. 

The  precipitation  involves  another  equilibrium  :  SrO._,  +  811,0  ^^  SrO„ 
8HjO  (solid).  The  action  of  hydrogen  peroxide  upon  chrotuic  acid 
(ItjCrO^)  is  probably  of  a  similar  nature.  The  composition  of  the 
prtxiuct,  which  gives  a  beautiful  blue  solution,  is  not  definitely  known, 
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as  it  decomposes  almost  immediately.  Its  formation,  by  adding 
drop  of  potassium  dichromate  to  an  acidulated  aolutioa  of  the  peroxide, 
is  used  as  a  test  for  the  latter.  The  acid  interacts  with  the  dichro- 
mate,  giviog  the  necessary  chromic  acid  : 


H,SO,  +  K,Cr,0,  +  H,0  f±  3H,CrO,  +  K,SO.. 


The  blue  substance  has  the  property,  unusual  in  inorganic  compoands, 
of  dissolving  much  more  readily  in  ether  than  in  water.  It  is  also 
much  less  unstable  when  removed  from  the  foreign  materials  in  the 
aqueous  solution.  Hence  the  test  is  rendered  more  delicate  by  ex- 
tracting the  solution  with  a  small  amount  of  ether.  In  the  ethereal 
layer  the  color  of  the  compound  is  more  permanent,  as  well  as  more 
distinctly  visible  on  account  of  the  greater  concentration. 

Hydrogen  peroxide  is  a  much  more  active  oxidizing  agent  than  free 
oxygen.  It  liberates  iodine  from  hydrogen  iodide,  an  action  which, 
in  presence  of  starch  emulsion  {cf.  p.  235),  is  used  as  a  test  for  its 
presence ; 

2H1  +  H,0,  -.  2H,0  +  I,. 

It  converts  sulphides  into  sulphates.  The  white  lead  (?■*'-)  used  in 
paintings  is  changed  by  the  hydrogen  sulphide  in  the  air  of  cities  to 
black  lead  sulphide,  PbCO,  +  H,S  -i.PbS  +  H,0  +  CO,.  This  may 
be  oxidized  to  white  lead  sulphate  by  means  of  hydrogen  peroxide : 

PbS  +  4H,0,  ->  PbSO^  +  4H,0, 

and  in  this  way  the  original  tints  of  the  picture  may  be  practically  re- 
stored. Organic  coloring  matters  are  changed  into  colorless  substances 
by  an  action  similar  to  that  of  hypochlorous  acid  {cf.  p.  269).  Hence 
hydrogen  peroxide  is  used  for  bleaching  silk,  feathers,  hair,  and  ivory, 
which  would  be  destroyed  by  the  more  violent  agent.  The  products 
of  its  decomposition,  being  water  and  oxygen  only,  are  harmless,  and, 
on  this  account,  it  is  used  as  a  bactericide  in  surgery. 

Hydrogen  peroxide  exercises  the  functions  of  a  reducing  agent  in 
special  cases,  also.      Thus,  silver  oxide  is  reduced  by  it  to  silver . 
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Ag,0  -I-  H,0,  -» 2Ag  +  H,0  +  O,. 


A  solution  of  potassium  permanganate,  in  which  the  permanganic  acid 
has  been  set  free  by  an  acid,  KMnO,  -f-  H^SOi  i=  HMnO,  +  KHSO^ 
is  rapidly  reduced.  The  permanganic  acid,  with  excess  of  sulphuric 
acid,  tends  to  imdergo  the  first  of  the  following  changes,  provided  a 
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m^stance  it  present   which  can  take  potsesiion  af  the   oxygen  thai 
would  remain  <uf  a  balance  ; 


2HMnOj  +  2H,S0, 

(60)  +  5HA 


.  2MnS0,  +  3H,0  (+  50)   (1) 
.  5H,0  +  50,  (2) 


2HMnO«  +  2H,S0«  +  5H,0,  -*  2MnS0j  +  8HjO  +  50, 

The  first  partial  equatioa  has  been  doubled  to  senure  the  even  tmm- 
ber  of  units  of  hydrogen  required  for  the  formula  of  water. 

In  nil  reductions  by  hydrogen  peroxide,  each  molecule  of  the  latter  removes  but 
one  atomic  weight  of  oxygen.  Whether  it  behaves  thus  because  its  two  hydro* 
gen  uoiU  combine  with  lhi»  oxygen  and  all  Ua  own  oxygen  escapes,  or  because 
it  fumighea  water  and  one  oxygen  unit  ot  tbe  pair  required  to  form  the  mole- 
cule  oF  free  oxygen  (tbe  iubstauce  reduced  furnishing  the  other),  ha«  not  been 
determined. 

The  above  action  is  used  in  quantitatire  analysis  for  estimating 
the  quantity  of  hydrogen  peroxide  in  a  given  liquid  after  the  liquid 
has  been  acidified.  The  amount  of  a  standard  (p.  236)  solution  of  the 
permanganate  which  is  required  to  decompose  all  the  peroxide  is 
measured  by  means  of  a  burette  (y.f.).  The  permanganate  is  deep 
reddish-purple  in  polor,  while  the  products  are  colorless.  Hence,  after 
the  peroxide  is  exhausted,  the  next  drop  of  the  permanganate  confers 
a  distinct,  permanent,  pink  tinge  upon  the  liquid.  The  addition  of 
the  permanganate  solution  is  stopped  so  soon  as  this  condition  is 
reached  and  the  volume  of  it  that  hjiss  been  used  is  read  off, 

Thermoeheniistrif  of  Hf/dfogeu  PeroxUle,  — The  foriaation  of 
hydrogen  peroxide  from  the  free  elements  is  accompanied  by  evolution 
of  heat : 

H,  +  Oj  =  HjO,  Aq  4-  45,300  cal. 

Hence  the  substance  is  formed  by  direct  union  (p.  304),  But  its  de- 
composition into  water  and  oxygen  gives  out  a  further  supply  of 
heat : 

H,  Oj  =  HjO  -f  O  +  23,100  cal. 

The  sum  of  these  two  stages,  of  course,  yields  the  same  result 
(ef.  p.  78)  as  the  direct  formation  of  wat«r  (68,400  cal.). 

When  hydrogen  peroxide  is  used,  instead  of  free  oxygen,  for  oxidiz- 
ing purposes,  each  such  action  lilierates  23,100  calories  of  heat  more 
in  the  former  case  than  it  would  in  the  latter.  Hence  the  activity  of 
the  substance  as  an  oxidizer  {ef.  p.  211). 
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Perosttdea : 

—  To    represent 

different  graphic  fonnula3  (r/.  p 


Chemical  ConMitution  nnd  Molecular  Sti'ucture. 

tilt:  i^heuiii^ivl   behaviov   of  hydrogt-ii   pt'ioxide,   two 
279)  have  been  proposed : 


H-0 
I 

n-u 


and 


H 


H 


0  =  0. 


I  In  the  latter  of  the  two  foiinula?,  one  of  the  oxygen  units  holds  four 

I  equivalents  of  other  materials  instead    of    two.     Oxygen    Ix-iug   or- 

I  dinarily  bivalent,  the  two  extra  valences  may  plausibly  be  supposed 

I  to  involve  a  feebler  stat^  of  combination,  and  therefore  to  portray  the 

'  tendency  of  the  compound  easily  to  give    up  one    nnit    of   oxygen. 

The  linkinij  of  the  oxygen  units,  common  to  both  forraulfE,  expresses 
the  fact  that  we  do  not  obtain  hydrogen  peroxide  from  substances  con- 
taining less  than  two  units  of  this  element  in  each  mole.  Thus,  to  be 
consistent,  we  write  Na.O„,  although  we  have  no  means  of  determin- 
ing the  moleoular  weight  of  this  particular  peroxide.  The  former  of 
the  above  fonnuhe  is  more  generally  used. 

All  oxides  uontjiining  two  units  of  oxygen  do  not  yield  hydrogen 
peroxide,  however.  Thus,  lead  dioxide  {PM\)  gives,  by  interaction 
with  dilute  acids,  water  and  oxygen  only.  Carrying  out  our  system, 
therefore,  we  make  barium  and  hydrogen  peroxides  alike,  and  we 
assign  different  constitutions  (p.  224)  to  barium  and  lead  dioxides  and 
different  structures  to  their  molecules  : 


0 
Ba''  I    -f- 


HCl 


\ 


Ba' 


.<? 


IICI 


.CI 

'CI 

,ci 


H-0 


+ 


II -0 


Pb^     +  2HCl-*Pb(       +  11,0+0 


^O 


^Cl 


In  confirmation  of  this  we  find  that  lead  can  form  an  unstable  tetra- 
chloride  and  other  compounds  in  which,  as  in  Pb"'Oj,  it  ia  quadriva- 
lent. But  barium  gives  no  other  compounds  in  which  there  is  even 
the  semblance  of  qnadrivalence.  So  our  structural  formula  ingeni- 
ously leaves  it  bivalent  even  in  BaO^  We  assign,  therefore,  to  all 
substances  which  give  hydrogen  peroxide,  and  are  therefore  true 
peroxides,  the  "  peroxirle  structiire,"  consisting  of  linked  oxygen  units, 
while  for  those  which  give  no  hydrogen  peroxide,  we  write  formultB  in 
which  the  oxygen  units  are  independent  of  one  another. 
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Exereisea.  —  1.  What  volume  of  ozone  will  be  taken  up  by  100  c.c. 
of  water  at  12°  from  a  stream  of  oxygen  containing  7.6  per  cent  of 
ozone  (p.  155)  ? 

2.  Formulate  the  action  of  carbon  dioxide  on  baritun  dioxide 
(p.  303)  after  the  manner  of  that  of  sulphuric  acid  on  the  same  sub- 
stance (p.  304).  The  dissolving  gas  gives  an  additional  equilibrium : 
CO,  (gas)  +  H,0  ^  HjCO,  (diss'd). 

3.  At  what  temperature  will  a  ten  per  cent  solution  of  hydrogen 
peroxide  freeze  (p.  305)  ? 

4.  Write  the  therm ochemical  equations  for  oxidation  of  indigo 
by  ozone  (pp.  271,  302)  and  by  hydrogen  peroxide. 


CHAPTER    XIX 
ELECTROLYSIS 

Introductory.  —  Extieiiiiieiit  tshows  that  moat  Bolutions  which 
exhibit  oheinieal  tjansfoniiatiotis  by  itittiruhangt'  of  groups  (p.  283),  and 
all  which  show  evidence  of  dissociation  by  measurements  of  osmotic 
pressure,  freezing-point  depression,  and  boiling-point  elevation,  are 
precisely  those  which  are  conductors  of  electricity  and  suffer  decom- 
position by  the  passage  of  the  electric  current.  Solutions  which, 
on  the  contrary,  lichave  normally  in  respeot  to  the  three  physical  proi> 
erties  are  nonconductors.  Solutions  of  the  former  kind,  consisting  of 
ionogens  (p.  290)  dissolved,  usually,  iti  water,  are  called  electrolytes, 
and  the  effect  of  an  electric  current  upon  them  is  named  eleotrolysis. 
Solutions  of  the  same  substances  in  toluene,  chloroform,  etc.,  do  not 
conduct  electricit}-,  are  not  decomposed  by  the  current,  and,  as  we  have 
seen  (p.  294),  show  no  evidence  of  ionization.  Substances  like  sugar, 
methyl  acetate,  etc.,  which  show  no  evidence  of  dissociation,  are  non- 
conductors, whatever  solvent  we  employ. 

In  endeavoring  to  connect  these  important  facts,  we  must  remem- 
ber that  the  pure  solvent  by  itself,  and  the  pure  substances  which  we 
dissolve  in  the  solvent  by  themselves  are,  at  ordinary  temperatures,  all 
but  complete  tionconductora  of  electricity.  Dry  salts,  except  when  at 
high  temperatures  and  fused,  and  dry  hydrogen  chloride  (p.  182),  on 
the  one  hand,  and  pure  water  (p.  95)  on  the  other,  do  not  permit  the 
passage  of  the  current.  Yet  a  mixture  of  one  of  the  former  with  the 
latter  conducts  extremely  well.  Let  us  consider  first  the  nature  of 
the  decomposition  which  accompanies  the  conduction. 

Chemleal  Changes  Conttectetl  with  ElectrolyMft,  —  When  the 
wires  from  a  battery  are  attached  to  platinum  plates  immersed  in  any 
electrolyte  (e.y.  Fig.  65,  p.  lt>9),  wo  observe  that  the  products  appearing 
at  tlie  two  electrodes  are  always  different.  They  may  be  of  several 
kinds  physically,  and  will  be  secured  for  examination  variously  ac- 
oonling  to  their  nature.  Wheu  they  are  gases  which  are  not  too 
soluble,  they  may  be  collected  in  inverted  tubes  filled  with  the  solu- 
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tion.  Solids,  if  insoluble  in  the  liquid,  will  either  remain  attached  to 
the  electrode  or  fall  to  the  bottom  of  the  vessel  as  precipitates.  Sol- 
uble substances  on  the  other  hand  will  usually  not  be  visible.  They 
may  be  handled  by  interposing  a  porous  partition  of  some  description 
which  will  restrain  the  diffusion  of  the  dissolved  body  away  from  the 
neighborhood  of  the  electrode,  while  not  interfering  appreciably  with 
the  passage  of  the  current.  Surrounding  one  electrode  with  a  porous 
battery  jar  is  a  convenient  method  for  effecting  this. 

When  a  current  of  electricity  is  passed  in  this  fashion  through  a 
solution  of  silver  nitrate  AgNO,,  we  observe  that  at  the  negative 
electrode  metallic  silver  is  set  free  and  adheres  to  the  plate.  At  the 
positive  electrode  a  gas,  oxygen,  appears.  Since  these  substances  do 
not  af-count  for  all  the  constituents  of  the  salt,  we  are  impelled  to  ex- 
amine the  solution  around  each  pole,  and  discover  that  nitric  acid 
(HNO,)  is  being  formed  along  with  the  oxygen  at  the  positive  end. 
Although  we  have  now  found  something  wnre  than  the  two  parts  of 
the  original  molecule,  we  have  little  difBculty  in  explaining  tlie  pres- 
ence of  these  two  products  on  the  assumption  that  the  original 
molecules  were  divided  into  the  parts,  Ag  and  NO,.  The  latter,  since 
it  is  not  a  known  compound,  must  have  interacted  with  the  water  to 
produce  nitric  acid  and  oxygen:  2N0,  +  HjO  — * 2HN0j  +  0.  The 
atomic  oxygen  has  subsequently  united  so  as  to  form  the  gas  (0,). 
The  whole  change  may  therefore  be  tabulated  as  foJlows : 

Neg.  Wire,  Ag.  < Ag.NO, >  O,  and  HNO,,  Pos.  Wire. 

If  we  substitute  cupric  nitrate  Cu(KO,)„  we  obtain  a  red  deposit 
of  metallic  copper  on  the  negative  plate,  and  at  the  positive  plate 
oxygen  and  nitric  acid  are  formed.  We  infer  therefore  that  the  parts 
of  the  original  molecule  are  Cu  and  NO, : 

Neg.  Wire,  Cu  < Cu.(NO,)j >  0^  and  HNO„  Pos.  Wire. 

With  a  solution  of  potassium  nitrate  we  find  hydrogen  and  oxygen 
appearing  at  the  negative  and  positive  electrodes  respectively. 
Litmus  paper,  however,  shows  the  presence  in  the  solution  of  a  base 
(potassium  hydroxide,  KOH)  at  the  negative  and  an  acid  (nitric  acid)  at 
the  positive  end.  Secondary  chemical  changes  have  occurred  at  both 
poles.  We  infer  that  the  parts  of  the  parent  molecules  are  K  and  NO, 
The  former,  in  its  customary  manner  (p.  99),  instead  of  being 
liberated,    gave   rise    to    free    hydrogen    and    potassium    hydroxide, 
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2K  +  2H,0 ->  2K0H  +  K, : 

Neg.  Wire,  H,  and  KOH<- — — K.NO,— — ^>0,and  HNO„  Pos.  Wire. 

We  are  eoiifinned  in  these  conclusions  when  we  employ  a  pool  of  mer- 
cury in  plaue  of  the  negative  wire.  A  portion  of  the  potasBiuni  is 
found  to  have  dissolved  in  the  mercury  and  escaped  interaction  with 
the  water. 

When  dilute  sulphtiric  acid  is  electrolyzed  (p.  95),  the  result  is  a 
liberation  of  hydrogen  and  oxygen  and  an  accumulation  of  sulphuric 
acid  rouud  the  positive  electrode  : 

Neg.  Wire,  H,<— ; K,.SO< >0j  and  HjSOi,  Pos.  Wire. 

All  acids  give  hydrogen  alone  at  the  negative  electrode. 

Of  the  various  illustrations  we  have  encountered,  the  electrolysis 
of  hydrochloric  acid  (p.  184)  happens  to  be  the  only  one  which  delivers 
the  two  coraponents  (H  and  CI)  with  the  minimum  of  modification  by 
secondary  interaction.  The  gases  liberated  are,  of  course,  H,  and  CI,. 
The  chlorides,  bromides,  and  iodides  of  all  such  metals  as  do  not 
interact  with  water  give  equally  simple  results.  Secondary  actions  are 
equally  worthy  of  notice,  not  only  because  they  are  common,  but  also 
because  they  often  play  a  part  in  industrial  electrolytic  processes. 

On  now  comparing  the  chemical  behavior  of  a  large  number  of 
ionogens  with  the  residta  of  electrolysis  of  the  siime  substances,  we  are 
led  to  identical  conclusions.  Acida  contain  hydrogen  possessing 
ceitain  special  properties  (p.  281),  and  by  electrolysis  they  divide  so  as 
to  give  up  tfiiit  ff>7istifiie7!t  alone  at  one  electrode.  Salts  undergo 
double  decomposition  easily  and  exchange  radicals  with  other  ionogens 
(p.  283),  and  the  ciirrent  divides  their  molecules  at  the  same  point, 
liberating  the  radicals. 

Quite  a  crop  of  problems  is  raised  by  this  discovery :  Since  a 
solution  may  eventually  be  cleared  of  all  the  hydrochloric  acid,  for 
example,  which  it  contains,  we  should  like  to  know  how  the  con- 
stituents in  the  center  of  the  cell  reach  the  electrodes.  Then  there  is 
the  question  of  the  quantity  of  electricity  required  to  effect  a  given 
amount  of  decomposition  in  a  given  ionogen.  Finally,  since  the 
details  are,  as  usual,  inscrutable,  a  formulative  hypothesis  will  be 
needed  to  explain  the  whole  proceeding. 

Ionic  Migratf«n.  — The  first  of  these  questions  is  easily  answered 
by  experiment.     We  have  only  to  take  an  ionogen  one  of  whose  radi- 
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oals  is  cxjlored,  and  wateh  the  movement  of  the  colored  material  as  it 
drifts  towards  the  electrode.  Thus,  in  dilute  eupric  sulphate  solution, 
a  freezing-poiat  determination  shows  tliat  the  depression  has  practi- 
cally double  the  normal  value.     In  other  words,  the  dissociation 

CuSO,^Cu"  +  SO/' 

IB  almost  complete.*  Now,  the  blue  color  of  this  solution  cannot  be 
due  to  the  remaining  molecules  of  CuSO^,  for  anhydrous  cuprie  sul- 
phate is  colorless.  Nor  i.s  it  due  to  the  color  of  the  SO"  ion,  for 
dilute  potassium  sulphate  and  dilute  sulphuric  acid  are  both  color- 
less.    On  the  other  hand,  all  cuprie  salts,  in  dilute  solution,  have  the 

[.same  tint.  The  color  is  therefore  that  of  the  cuprie  ion  (Ou**).  Simi- 
larly the  deep-yellow  tint  of  potassium  dichromate  K^CrjOj  (y.o.)  is 
that  of  the  Cr^O/'  ion.  Hence  either  of  these  substances  will  serve 
the  purpose  of  showing  how  the  ionic  material  moves. 

One  of  the  above  salts  is  di.SBolved  in  warm  water  contaiuing  about 
6  per  cent  of  agar-agar,  ajid  the  lower  part  of  tlie  U-tube  (Fig.  77)  is 
charged  with  the  mixture.  After 
this  fluid  has  set  to  a  jelly,  a  few 
grains  of  powdered  chaicoal  are 
added  on  each  side  to  mark  the 
present  limits  of  the  colored  ions, 
or  strips  of  ])aper  are  pasted  ou 
the  outside.  Then  any  colorless 
electrolyte,  such  as  potassiiun 
nitrate  solution,  is  added  on  each 
side,  and  the  electrodes  are  hung 
one  in  each  limb.  The  lower  half 
of  the  potassium  nitrate  solution 
on  each    side  contains   agar-agar 

|«l80.  The  agar-agar  does  not  oSer 
any  appreciable  resistance  to  the 
motion  of  the  ions,  and  is  pre- 
sumed to  form  a  sort  of  open  network  in  the  solution.  It  is  added  to 
prevent  all  motion  of  the  water.  Immersion  of  the  whole  tube  in  ice 
and  water  prevents  the  melting  of  the  jelly  by  the  heat  generated 
by  the  current. 

*  In  all  ions  the  valencie  is  indk'ated,  a£  in  this  eqtiatian,  by  the  number  of 
superior  marks  •  or '  as  the  case  may  be.  The  use  of  this  custom  will  appear 
preseatty. 
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After  a  time,  we  observe  that  the  blue  cupric  ions  ascend  above  the 
mark  on  the  negative  and  descend  away  from  it  on  the  positive  side. 
With  potassium  dichromate  the  yellow  ions  move  in  the  opposite 
direction  with  reference  to  the  poles.  In  each  case  there  is  no  shad- 
ing off  in  the  tint.  The  motion  of  the  whole  aggregate  of  colored  ions 
occura  in  such  a,  way  that,  if  the  contents  of  the  tube  were  not  held  in 
place  by  the  jelly,  we  should  believe  that  a  gradual  motion  of  the 
whole  solution  was  being  observed.  With  a  current  of  110  volts,  and 
a  16-candle  power  lamp  in  series  with  the  cell,  the  effect  becomes 
apparent  in  a  few  minutes. 

Although  the  SO,"  ions  are  invisible,  we  may  safely  infer  that  they 
are  drifting  towai'da  tlie  positive  electrode.  Indeed,  this  can  be  demon- 
strated by  interposing  a  shallow  layer  of  jelly  containing  some  barium 
salt  a  little  distance  above  the  charcoal  layer  on  the  positive  aide. 
When  the  SO/'  ions  reach  this,  barium  sulphate  begins  to  be  precipi- 
tated and  the  layer  becomes  cloudy.  In  a  similar  way  the  progress  of 
other  colorless  ions  may  be  rendered  visible. 

It  appears  therefore  that  electrolysis  is  not  a  local  phenomenon, 
going  on  round  the  electrodes  only,  but  that  the  whole  of  the  dis- 
sociated solute  is  set  in  motion.  It  is  on  accouat  of  this  remarkable 
property  of  traveling  or  tnigratiiiK  towards  one  or  other  of  the  elec- 
trodes connected  with  a  battery  that  the  ions  receive  their  name  (Gk. 
(tov,  going).  The  term  was  first  applied  by  Faraday  to  the  materials 
liberated  round  the  electrodes. 

Relative  Speed  of  Migration  of  Different  Ion»,  —  The  speeds  of 
different  ions  may  readily  be  compared.  The  cupric  ion  moves  at  the 
same  speed  whatever  salt  of  copper  we  employ.  In  fact,  the  speeds 
of  all  ions  are  individual  properties  and  are  independent  of  the  nature 
of  other  ions  that  may  be  present.  The  speeds  of  all  are  increased 
by  using  a  current  of  greater  electromotive  force.  Under  similar  con- 
ditions, the  relative  speeds  of  most  ions  are  in  the  neighborhood  of 
60  or  60,  on  the  scale  commonly  used  in  expressing  ionic  velocities. 
Thus,  we  have,  K'  65.3,  CI'  65.9,  Cu"  49.  The  speed  of  the  hydrogen 
ion  is  the  greatest  of  all,  318,  while  that  of  hydroxyl  ion  (OH')  comes 
next,  being  174. 

The  actiial  speeds  of  these  ions  in  dilute  solutions  at  18°,  when 
driven  by  a  potential  difference  of  1  volt  between  plates  1  cm. 
apart,  expressed  in  cm.  per  hour  is  :  K*  2.05,  CI'  2.12,  Cu"  1.6,  H'  10.8, 
OH'  6.6. 
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By  an  experimeDt  similar  to  the  last,  and  devised  by  A.  A.  Sofoe,  the  nkttve 
upeecla  of  dlGFereat  ions  may  be  demonstrated.  The  U-^ube  (Fig.  T8,  sbowing  the 
■atne  tube  A  before  the  current  starts,  and  B  after  it  tias  beeo  paaaing  for  some 
time)  is  partly  filled  wttli  Etgar-agiir  euiuSsinn  coritiviDlng  potassium  chloride  and 
pheoolphthalSin  (see  Indicators).  On  tlie  right  sidii,  a.  few  dr<ip.i  of  potassium 
hydroxide  bare  been  added  to  render  the  mixture  piiili.  Ou  tlie  left,  a  few  drops 
of  hydrochloric  acid  are  present,  and  tlie  mixture  is  colorleaa.  Abore  the  charcoal 
layer,  in  the  right  limb,  a  mixture  of  hydrochloric  acid  and  cupric  chloride  (i.e., 
H'  and  Cu"),  and  in  the  left  limb  potaaaium  hydroxide  solution  (i.e.  OH'),  are 
placed.  The  positive  electrode  is  introduced  on  the  right  and  the  negitttve  on  Uio 
left    The  H*  and  Cu"  ions  drift  away  from  the  former  down  the  tube  towards  the 
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latter,  the  OH'  ions  away  from  the  latter  down  the  tube  towards  the  fortuer. 
The  motion  of  the  II'  is  marked  by  the  disappearance  of  the  pink  color,  that  of  the 
Cii"  by  the  advance  of  a  blue  layer,  that  of  the  OH'  by  the  progress  ot  a  pink 
coloration.*  By  the  time  the  M'  ions  have  been  displaced  5j  cm,,  the  Cu"  ions 
bare  moved  I  em.  and  the  OH'  about  2}  om.  These  distances  indicate  their  rela- 
tive speeds  of  migration. 

Faraday**  Laws.  —  Having 'learned  that  electrolytes  furnish  at 
least  two  definite  decomposition  products  by  the  action  of  the  elec- 
tricity, we  naturally  inquire  next  whether  there  ia  any  chemical  relation 
between  the  quantities  of  the  products  set  free  by  the  same  currents 
Quantitative  experiments  in  electrolysis  show  the  most  perfect  adjust- 
ment  in  this  respect.     Thus,  in  a  single  cell,  the  quantities  of  material 

•  Bases,  on  account  of  the  OH'  they  give,  turn  phenol pbthalfiln  solutions  from 
colorless  to  pink  ;  acids,  on  account  of  the  H"  tbey  furnish,  turn  it  from  pink  to 
colorleM  (see  Indicators). 
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li1)erated  at  the  two  poles  are  invariably  chemical  equivalent  of  one 
another.  With  hi'drochhjric  acid,  while  1,008  g.  of  hydrogen  is  being 
liberated  at  one  pole,  35.45  g.  of  chlorine  are  set  free  in  the  same  time 
at  the  other.  While  (J3.6  g.  of  copper  are  i»eiiig  deposited  from  cupric 
sulphate  at  one  pole,  96  g.  of  SOj  are  being  liberated  at  the  other, 
and,  by  iiitera^^jtion  with  the  water,  form  16  g,  of  oxygen  and  98  g.  of 
sulphuric  acid. 

Again,  tbe  amount  of  anj  one  subatauce  liberated  is  proportional 
to  the  quantity  of  eleotricity  whicli  haa  traversed  the  cell.  This  is  the 
first  part  of  Faraday *s  loMf. 

Finally,  the  paaaagei  of  ecjtial  quantities  of  electricity  through  sev- 
eral different  acids  lii>erates  ef^ual  amounts  of  hydrogen  from  each. 
This  is  true,  whether  the  passage  of  the  given  (jurmtity  of  electricity 
is  compressed  into  a  brief  time  in  one  case  and  spread  over  a  longer 
time  in  another,  or  is  uniform  in  all  cases  compared.  It  is  irrespec- 
tive of  the  state  of  dilutioo  and  of  the  temperature  of  each  acid. 
Thus  two  moles  of  hydrochloric  acid  are  always  decomposed  for 
every  one  of  sulphuric  acid  by  the  same  current.  Similarly,  if  in  dif- 
ferent cells  we  place  solutions  of  sub.stances  like  sodium  chloride  (NaCl), 
cupric  chloride  (CuCla),  antimony,  chloride  (SbC'l,),  ferrous  chloride 
(FeC!,),  aud  ferric  chloride  (Fed,),  equal  amounts  of  chlorine  are 
lilwrated  by  currents  of  eipial  strength  in  the  same  time  in  each. 

If  we  consider  the  relation  of  these  facts  to  the  etjuivalence  of  the 
materials  liberated  in  any  one  cell,  it  will  l>e  evident  that  when  one 
gram  of  hydrogen  is  liberated  from  each  of  tbe  two  acids  mentioned 

above,  one  efjuivalent 

_    nci         HjBO,       K.C)        CaOl,       •*«,       7.C1         F.Cl, 
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of  chlorine  will  be  set 
free  in  the  one  cell,  and 
one  equivalent  of  SO*, 
or  half  the  weight  rep- 
resented by  the  for- 
mula, will  be  set  free 
in  the  other,  Himilarly, 
with  the  chlorides  of 
the  first  three  metals,  whUe  35.45  g.  of  chlorine  are  being  litierated  in 
each  cell,  the  quantities  of  the  metal  set  free  will  be,  of  sodium  23  g., 
of  copper  one-half  of  63,6  g,,  and  of  antimony  one-tliird  of  122  g. 
Finally,  with  the  two  iron  salts,  the  quantities  of  iron  liberated  by  the 
same  current  will  be  ono-half  and  one-third  of  56  grams  respectively. 
The  simplest  way  in  which  to  insure  the  passage  of  precisely  equal 


J 


KLECTROLYSIS 


amoimts  of  electricity  thTongh  all  the  oelk  is  to  amnge  them  in 
aeries.  We  know  that  in  such  circumstaneee  the  qnaiitity  of  electri- 
city knTersing  any  section  of  the  whole  circuit  must  be  the  same  as  t 
trarersing  any  other.  In  a  series  of  cells  containing  substances  like 
the  above,  therefore,  during  the  time  that  1.008  g,  of  hydrogen  is  being 
set  free,  we  shall  have  liberation  of  the  equivalent  quantities  of  each 
of  the  other  ions  (Fig.  79).  Thus  the  second  part  of  Faraday's  law 
states  that  cbemlcally  equivalent  qnantltle*  of  loaa  are  liberated  by 
Ui«  paaaage  of  equal  qoantitiea  of  electricity. 

The  Ionic  Hsfpothe»is.  —  The  main  facts  in  regard  to  electrol; 
conductiou  being  now  before  us,  the  problem  is  to  adapt  the  atomic  an< 
molecular  hypotheses  to  their  exphination,  that  is,  to  their  detailed  de- 
scription.    There  are  two  peculiarities  to  be  accounted  for : 

How  can  tlie  production  of  a  conducting  medium  by  misLing  two 
nonconductors  be  imagined  to  take  place  ?  The  solvent  is  a  nou- 
eonductor,  and  the  ions,  even  if  they  are  composed  of  conducting  mate- 
rial, are  distributed  through  the  liquid  as  independent  pai-tides  and 
cannot  famish  a  continuous  medium  for  the  stream  of  electricity. 
This  will  be  clear  when  we  remember  that  although  liquid  mercury  is 
an  excellent  conductor,  mercury  vapor,  composed  as  it  is  of  conduct- 
ing particles,  is  not  a  conductor. 

Again,  the  conducting  power  of  the  solution  is  indissolubly  con- 
nected with  the  fact  that  the  original  molecules  of  the  solute  have  been 
broken  up  by  the  solvent  into  smaller  molecules  containing  one  or 
more  atoms.  Why  should  this  particular  kind  of  sub-molecules  be  at- 
tracted by  electrically  charged  plates,  which  have  been  lowered  into 
•the  solution,  when  molecules  of  dissolved  sugar,  for  example,  are  not 
80  attracted? 

An  answer  to  the  second  question  readily  suggests  itself.  The 
only  bodies  which  we  find  to  bo  conspicuously  attracted  by  electrically 
charged  objects  are  bodies  which  are  already  prmuded  uuth  fhrtrle 
charges  of  their  otcn.  Thus  we  are  led  to  add  to  the  molecular  lij'poth- 
esis  the  assumption  that  substances  which  undergo  dissociation  in 
solution  divide  Uiemaelvea  into  a  special  kind  <jf  electrically  charged 
moleculea.  Since  the  solution,  as  a  whole,  has  itself  no  charge,  equal 
quantities  of  positive  and  negative  electricity  must  be  produced 


HCl  ^  H  +  CI     NaCl  jz!  Na  -|-  CI    NaOH  j^  Na  -|-  OH. 
Wild  as  this  supposition  seems  at  first  sight  to  be,  it  turns  out  that 


1 


• 


no  valid  objection  to  it  can  be  raised.     That  it  furnishes  an  answer  to 
both  of  our  questions  must  first  be  shown. 

A  battery  is  a  machine  which  maintains  two  points,  its  poles,  or 
two  wires  connected  with  them,  at  a  constant  difference  of  potential. 
One  cell  of  a  storage  battery,  for  example,  maintains  a  potential  dif- 
ference of  two  volts.  When  the  wires  are  joined,  directly  or  indi- 
rectly, the  poles  are  immediately  discharged,  but  the  cell  continuously 
reproduces  the  difference  in  potential  by  generating  fresh  electricity. 
Now  the  effect  of  immersing  two  plates,  one  of  which  is  kept  by  the 
battery  at  a  definite  positive  potential  aud  the  other  at  a  definite  nega- 
tive potential,  into  a  liquid  HUed  with  floating  multitudes  of  minute 
bodies,  already  highly  charged,  may  easily  be  foreseen. 

A„od«  '^^^  figure  (Fig.  80)  will 
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convey  some  idea  of  the  be- 
havior of  the  parts  of  a  system 
such  as  we  have  imagined. 
The  electrodes  are  marked  — 
and  +,  The  negatively 
charged  plate  attracts  all  the 
positively  charged  particles  in 
the  vessel,  and,  although  these 
particles  are  in  continuous  and 
irregular  motion,  they  never- 
theless b€gin,  on  the  whole,  to  drift  toward  the  plate  in  question.  On  the 
other  hand,  the  negatively  charged  particles  are  repelled  by  this  plate 
and  attracted  by  the  positive  plate,  so  that  they  drift  in  the  opposite 
direction.  Those  which  are  nearest  each  plate,  on  coming  in  contact  with 
it,  will  lose  their  charges  of  electricity,  turning  thereby  into  the  ordinary' 
free  forma  of  the  matter  of  which  they  are  composed.  The  continuous 
removal  of  the  electrical  charges  of  the  plates  through  contact  with  ions 
of  the  opposite  chai'ge  f umi.shes  occasion  for  recharging  of  the  plate  from 
the  battery,  and  thus  gives  rise  to  a  continuous  current  in  each  wire. 
Again,  the  continuous  drifting  of  positively  and  negatively  charged 
particles  in  opposite  directions  through  the  liquid,  constitutes  what,  in 
the  view  of  all  external  means  of  observation,  appears  to  be  an  electri- 
cal current  also.  A  magnetized  needle,  for  example,  which  is  deflected 
when  brought  near  one  of  the  wires  of  the  battery,  is  influenced  in  the 
same  way  by  being  brought  over  the  liquid  between  the  electrodes. 
The  illusion,  so  to  speak,  of  an  electric  current  is  complete,  although 
in  reality  it  is  a  convection  of  electricity  that  is  taking  place,    Further- 
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more,  the  quantity  of  electricity  teing  transported  across  any  section 
of  the  whole  systeui  is  tlie  same  as  that  across  any  other,  whether 
this  sectioE  be  takea  through  one  of  the  wires,  tlirough  the  electrolyte, 
or  even  through  the  battery  at  any  point.  As  fast  as  the  ions  are  thus 
annihilated  as  such,  the  uudissociated  molecules  are  drawn  upon  for 
the  production  of  fresh  ones,  as  in  all  chemical  equilibria.  Eventually, 
by  continuing  the  process  long  enough,  if  the  substances  set  free  are 
actually  deposited  and  do  not  go  into  solution  again  in  any  form,  the 
liquid  can  he  entirely  deprived  of  the  solute  which  it  contains. 

The  analogy  to  the  trans portatioii  of  a  Huid  like  water  is  noticeable, 
although  not  complete.  Water  may  be  transported  in  three  ways.  It 
may  flow  through  a  pipe,  it  may  pass  by  pouring  freely  from  one  con- 
tainer to  another,  and  it  may  be  carried  in  vessels.  Thus  a  stream  of 
water,  essentially  continuous,  raight  be  arranged,  in  which  part  of  the 
passE^e  took  place  through  the  pipes,  part  by  pouring  from  the  pipes 
into  buckets,  and  part  by  the  carrying  of  those  buckets  between  the  ends ' 
of  the  pipes.  The  quantity  of  water  passing  a  given  point  per  minute 
in  this  system  would  be  the  same  at  every  part,  although  the  actual 
method  by  which  the  water  was  transported  past  the  various  pointail 
might  be  different.  In  such  a  disjointed  circuit  we  suppose  the  elec- 
tricity to  move  when  carried  from  a  battery  through  an  electrolytic 
cell.  It  flows  in  the  wire,  passes  by  discharge  between  the  pole  and 
the  ion,  and  is  transported  upon  the  ions  iu  the  liquid.  The  parallel 
is  imperfect,  however,  because  we  have  used  the  conception  of  tu-o 
electric  fliiids  and  be^aiixe  the  ions  are  already  chnrrffd  in  the  solution, 
and  befnfe  nny  eonnection  with  the  battertj  is  mndi:.  They  do  not,  SO  to 
apeak,  transport  the  electricity  of  the  battery,  but  their  own. 

Difficulties  I'rettenteil  by  this  Ili/pothettis,  —  The  question  was 
raised  (p.  295),  as  to  how  we  can  imagine  separate  atoms  of  sodium  to 
exist  in  water  without  acting  upon  it,  as  the  metal  sodium  usually  does. 
But  the  ions  of  sodium  in  sodium  chloride  solution  are  not  metallic 
sodium.  They  bear  large  charges  of  electricity.  They  possess  an 
entirely  different,  and  in  fact,  by  measurement,  much  smaller  amount 
of  chemical  energy  than  free  sodium.  And,  as  we  have  seen,  the 
properties  of  a  substance  are  determined  as  much  by  the  energy  it  con- 
tains as  by  the  kind  of  matter.  Metallic  soilium  and  ionic  sodiUm  ai-e, 
simply,  different  sui;8tauc&s. 

We  think  of  hydrogen   chloride  and  comnina  salt  as  exceeding! 
stable  aubstaaces,  and  are  averse  to  believing  that  precisely  these  com' 
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pounds  should  be  higlily  dissociated  by  mere  solution  in  water.     But  it ' 
must  be  remembered  that  in  solutiou  they  undergo  chemical  change  very 
easily,  and  it  is  only  in  tlie  dry  form  that  they  show  unusual  stability. 

Again,  why  do  not  the  ions  combine  in  response  to  the  attractions 
of  their  charges  ?  The  answer  is  that  they  do  combine,  but  the  rate 
at  which  combination  takes  place  is  no  greater  than  that  at  which  the 
molecules  decompose,  so  that  on  the  whole  the  proportion  of  ions  to 
molecules  remains  unchiuiged. 

Finally,  it  might  appear  that  the  assumption  that  bodies  could 
retain  high  charges  in  the  midst  of  water  is  contrary  to  all  experience. 
It  must  be  remembered,  however,  that  the  molecular,  pure  water, 
which  separates  the  ions  from  one  another,  is  a  perfect  nonconductor. 
The  moisture  which  covers  electrical  apparatus  and  causes  leakage  of 
static  electricity  is  not  pure  water,  but  a  dilute  solution  containing 
carbonic  acid  (p.  114)  and  materials  from  the  glass  of  which  the  appa- 
ratus is  made.  It  conducts  away  the  charge  electrolytically,  by  means 
of  the  ions  it  contains,  and  not  by  itself  acting  as  a  conductor. 

Amounts  nf  Etectricit!/  on  the  lontt,  —  Since  one  atomic  weight 
of  chlorine  {^{5.45  parts)  and  one  atomic  weight  of  hydrogen  (1.008 
parts)  are  simultaneously  lilierated  iu  the  electrolysis  of  hydrochloric 
acid  and  the  solution  remains  electrically  neutral,  it  follows  that  the 
ions  of  hydrogen  and  chlorine  bear  equal  chiirges.  Again,  since  the 
same  thiug  is  true  of  one  atomic  weight  of  copper  (03. G  parts)  and  two 
atomic  weights  of  chlorine  (70.9  parts)  in  cupric  chloride,  it  follows 
that  the  cupric  ion  bears  a  double  charge.  Similarly,  the  antimony 
(p.  316)  ions  bear  triple  charges.  In  ferrous  and  ferric  salts  the 
amounts  carried  by  the  iron  ions  differ,  being  in  the  one  case  twice, 
and  in  the  other  three  times  as  great  as  those  carried  by  the  hydrogen 
or  chlorine  ions.  We  may  sum  this  up,  then,  by  saying  that  imival«at 
ions  posaess  tbe  same  quantity  of  electricity,  and  otber  iona  bear 
quantities  greater  tbau  this,  in  proportion  to  their  valence.  Tills  rule 
is  simply  a  restatement  of  Faraday's  law,  which  it  brings  into  direct 
relation  to  the  ionir  hyjiothesis. 

In  wTiting  equations  involving  ious,  the  numbers  of  +  and  — 
charges  must  always  be  equal : 


KCI  p±  K  +  CI 
CuCI,  ^  Cn  +  2C1 
CuSO,iz±  Cu  4-  SQ« 


SbCl,  ;=?  Sb  +  3Ci 
FeCl,f^Fe  +  2Cl 
reCl,fztW-|-3Cl 
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[In  order  that  this  idea  may  be  carried  out  consistently,  the  Ubera-J 
tioD  of  any  of  these  ionic  materials  at  one  electrode  in  electrolysis  is  i 
written  as  follows : 


K  +  e- 


2C1  +  2  ©  -».  CI,. 


Here  Q  and  ®  represent  the  unit  quantities  of  negative  and  posi- 
tive electricity  furuisbed  by  the  battery  to  the  electrodes  and  destroyed 
by  opposite  charges  upon  the  ions. 

The  harmony  between  the  quantity  of  electricity  and  the  chemi- 
cal valence  of  the  material  which  it  liberates  is  complete.  The 
picture  which  the  process  of  electrolysis  in  a  series  of  cells  (p.  316) 
presents  to  our  minds  is  very  interesting.  The  progress  of  the  elec- 
tricity through  the  series  is  accompanied  by  a  simultaneous  discharge 
in  all  the  cells  of  chemically  corresponding  numbers  of  atoms.  For 
every  atom  of  antimony  that  is  liberated  in  one  cell,  three  atoms  of 
chlorine,  three  atoms  of  hydrogen,  and  one  atom  of  ferric  iron,  are  set 
free  at  the  same  time.  For  two  atoms  of  ferric  iron,  three  atoms  of 
ferrous  iron  and  three  atoms  of  copper  are  deposited.  Even  in  the 
battery  which  generates  the  carrfnt,  tiie  chemical  changes  taking  place 
proceed  atom  for  atom  and  valence  for  valence  in  unison  with  those  in 
the  cells  on  the  circuit.  For  example,  if  the  battery  contains  zinc  plates, 
for  every  atom  of  zinc  that  dissolves,  one  of  copper  and  two  of  chlorine 
will  he  liberated  in  one  of  the  cells.  Our  imaginary  mechanism  thus 
puts  all  the  processes  going  on  iu  the  circuit  in  the  light  of  move- 
meuts  of  the  parts  of  a  perfectly  adjusted  and  interlocked  machine. 


Jtemtme  and  Nomencluture. —  An  Ion  may  be  defined  as,  an 
atom  or  group  of  atoms  bearing  a  positive  or  negative  charge  of 
electricity,  and  formed  through  the  dissociation  of  an  ionogen  by  a 
solvent  like  water. 

Each  molecule  gives  two  kinds  of  ions  with  opposite  charges. 
These  two  are  forthwith  distinct  and  independent  substances,  save  that 
the  attractions  of  the  charges  prevent  separation  by  diffusion.  They 
differ  from  non-ionic  substances  of  the  same  material  composition  when 
such  are  known.  The  electrical  charge  is  one  of  the  essential  con- 
I  atituents,  and  when  it  is  removed  the  properties  alter  entirely.    Thus  we 

I  have  two  kinds  of  hydrogen,  gaseous  molecular  hydrogen  (H^),  and  ionic 

I  hydrogen  (H),  with  entirely  different  chemical  properties  (p.  295). 

^K         Since  the   writing    of  the  +  and  —  charges   over   the   symbols  j 
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occupies  much  space,  we  shall  hereafter  employ  a  dot  for  the  former 
and  a  little  daab  for  the  latter :  H*,  01',  Cu",  SO/',  Fe",  Fe'",  NH*,. 
In  the  ions  formed  from  one  molecule,  the  number  of  dots  and  dashes 
must  be  equal. 

Since  ionic  hydrogen,  ionic  chlorine,  etc.,  are  entirely  different  in 
physical  and  chemical  properties  from  the  corresponding  free  ele- 
ments, they  should  receive  separate  names.  When  it  is  inconvenient 
to  say  "ionic  hydrogen,"  "nitrate  iona"  (NOj'),  etc,  the  following, 
based  on  Walker's  system,  will  be  used  ; 


Stm- 

BOt,. 

NA.11X. 

Amion  OF 

Stk- 

BOL. 

Namk. 

Oatiok  of 
Salts  op 

SO," 

Sulpbanion 

Sulphates 

Na' 

Natrion 

Sodium              J 

so," 

Sulpbosion 

Sulpbites 

Cb" 

Calcion 

Calcium 

CIO/ 

Percbloranion 

Perchlorates 

Cu" 

Diouprion 

Cuprio  copper 

CIO/ 

Chloraaion 

Cliliirates 

K' 

KalioQ 

Potassium 

el- 

Cbloriclion 

Chlorides 

Fe— 

Tri  ferrion 

Ferric  iron 

s'' 

SulphidioQ 

Sulphides 

NH/ 

Fe*' 

Ajomonion 

AuimoniuDi 

NO,' 

NitrEmion 

Nitrates 

Diferrion 

Ferrous  iron 

OH' 

Hyiiroxidion 

Hydroxides  (bases) 

H  * 

Hydrion 

Hydrogen(aeidB) 

Faraday  diatingui-Aed  the  two  kinds  of  material  which  proceed 
with  and  against  the  positive  current  by  name.  His  terminology  is 
atill  used.  Ions  which  proceed  in  the  same  direction  as  the  positive 
current  are  called  oationa  (Gk.  Kara,  down).  Such  are  H",  Cu",  K", 
NHj*.  They  are  metallic  elements,  or  groups  which  play  the  part  of 
a  metal.  The  electrode  (Gk.  oSos,  a  path)  upon  which  they  are 
deposited,  the  negative  electrode,  is  spoken  of  as  the  cathoda 
(Gk.  ^  icafloSot,  the  way  down). 

The  particles  which  move  in  the  direction  of  the  negative  current, 
and  against  that  of  the  positive,  are  named  anion*  (Gk.  dvd,  up).  The 
iocs  Cr,  NO/,  SO/',  MnO/  are  of  this  kind.  They  are  usually  com- 
posed of  noo-metals,  although  sometimes,  as  in  MnO/,  the  components 
may  be  pai'tially  metallic.  They  are  set  free  at  the  positive  elecU'Oile, 
which  is  therefore  named  the  anoda  (Gk.  ^  avo&K,  the  way  up). 
Chemists  speak  of  metals  and  non-metals  as  poBlttTe  and  negative 
elementa,  respectively  (rf,  p.  119),  even  when  electrical  relations  are 
not  directly  in  question,  and  ions  are  not  concerned. 


Aetttat  QaatUUiea  of  ElectricU(f  Concerned  in  Eleetrolyais, — 
The  coulomb  is  tlie  unit  quantity  of  electricity  :  the  liberation  of  one 
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gnm  of  hjdiogwi  eamepaaia  to  tte  pmwi^e  of  96^M0 
tgad  Ab  eireiut    In  otfaeir  wotda,  (mm  gnun  o(  VydiMO  (H*)  i 
tfcis  ({aiBftitj^  of  eleetrieitr.     Bquiv^klent  KiiMwats  of  dbfW  km, 
enmple,  108  g.  of  wrgentkta  (Ag*)  awl  V  g.  of  solplMtBioa  (80^" 
eanj  tlie  t»ma  quuitity.    Thas  the  uatt  titumUty  of  «lMlri«i^,  i 
eooIomK  deposits,  or  is  Cftrried  by  ,,),«  g.  of  hjdngM  or  f iff* 
of  silTor. 

In  oonseqneDM  of  this,  th«  dvpoeitton  of  silrtir  or  eoppor  is 
as  a  means  of  measuring  quantities  of  eWtriotty.    Tht«  tiionHiM  in 
weight  of  the  a«gatiT«  electrode  in  a  oell,  oalM  tiu()t>r        ' 

ToltaBatar,  is  a  raeasare  of  the  quantity  of  el>>>  i 

I  around  the  whole  circuit  of  whit^h  it  forms  a  {v<irt. 

It  is  ittora  conimoa  to  define  the  quiiutity  of  «le<<trioity  in  ttrins  oI| 
cwrent  ■toenstlL     A  current  of  such  nature  that  ono  iMuloiub  tlows^ 
through  the  system  per  seooml  is  said  to  ha\'e  a  stwiisth  of  one 
ampere.    Such  a  current  liberates  t^lfg  g-  of  h^nlrogeu  or  ||J|a  K'  ^ 
silver  per  seooad.    A  current  which  deposits  twice  as  much,  has  two 
amperes  current  strength. 

From  this  it  is  evident  that  a  current  of  oue  amt^tre  wouhi  t*ke 
9€,&10  seconds,  or  twenty-six  hours  and  49  minutes,  to  defHwit  1  g,  of 
hydrogen  (about  11  liters),  or  108  g,  of  silver,  or  48  g.  of  tiiilpliiuiion., 
A  current  of  five  amperes  would  auoomplish  the  suae  result  in  a  titthj 
of  the  time. 


The  Elect  Heal  Enerffff   Required  to   Pswwijm*  XHg^vmU 

Co»ijio»«rfj».  —  Cliemical  cumpounds  are  of  vety  ilifl'fvi'ut  ihi>{ieea 
stability,  and  hence  the  quantities  of  energy,  eleiai'iL-al  or  othi.'rwii 
required  to  decompose  them  vary  widely.  Thus,  hydi-ogou  chloride 
very  stable,  while  hydrogen  itnlide  is  easily  decoiTi]>(»seil  by  licrtlitig, 
The  disunion  of  equivalent  (luantitios  of  those  subHttmooH  iu  ai]ii(<oua 
solution  absorbs  39,300  cal.  and  13,100  eal.  of  boat  energy,  rospoctively. 
Henee,  although  equal  quantities  of  elecdrinity  (l>fi,B40  coulomlis  iu 
each  case)  perform  this  office,  very  unequal  uiiioiintsof  ekurtrioal  cnorgy 
are  used  up  in  the  electrolysis, 

The  energy  in  a  stream  of  water  is  represontwl  by  tin*  prothict  of 
the  quantity  passing  a  given  section  and  the  pressnrit  m-  liciul  itf  wutfir 
available  at  that  point.  If  the  pressure  is  low,  Mm  work  fcliat  ran  tie 
done  wiU  be  small,  even  if  the  quantity  flowing  is  great.  So  olcictriciil 
energy  is  expressed  by  the  product  of  the  Rurnmt  strength,  or  cpiiititlty 
passing  per  second  during  a  certain  period  of  time,  and  tlie  eloutro- 
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motive  force.  The  latter  corresponds  to  pressure,  and  is  defined  by 
the  diiference  in  potential  of  two  points  in  the  circuit  between  which 
the  energy  is  being  used  up. 

Now,  in  the  series  uf  cells  which  was  described  (p.  316),  each  cell, 
while  being  traversed  by  tlie  same  quantity  of  electricity  as  any  of 
the  others,  cuts  down  t)ie  electromotive  force  of  the  current  in  propor- 
tion to  the  amount  of  energy  consnmed  by  the  decomposition  going  on 
within  it.  Hence,  while  a  voltmeter  will  show  no  difference  in  poten- 
tial between  two  neighboring  parts  of  the  heavy  wires  used  as  connec- 
tions, for  no  work  is  being  done  in  the  wires,  it  will  show  a  considerable 
diiference  in  potential  between  two  points  which  are  separated  by  one 
of  the  cells. 

A  system  of  cars  hauled  by  a  cable  is  analogous  to  oar  set  of  cells 
and  more  familiar.  When  clutched  to  the  cable,  all  the  cars  move 
with  eijual  speed,  but,  being  loaded  with  different  numbers  of  passen- 
gers, take  very  different  amounts  of  power  from  the  moving  cable. 

We  should  infer  from  this,  that  to  decompose  every  electrolyte,  a 
current  of  a  certain  minimum  electromotive  force,  sufficient  to  fvirnish 
the  fall  in  potential  necessitated  by  the  chemical  change,  which  would 
he  different  in  different  cases,  would  be  required.  This  is  found  to  be 
the  case.  For  the  easy  decomposition  uf  sulphuric  acid  and  liberation 
of  the  priKlucts  an  elet'tromotive  force  of  at  least  1.92  volts  is  necessary, 
for  hydrochloric  acid  1.41  volts,  for  hydriodio  acid  0.53  volts,  for  zinc 
sulphate  2.7  volts,  and  for  silver  nitrate  0.70  volts.  When  we  use  a 
current  of  electromotive  force  falling  short  of  that  specified,  we  find 
that  the  flow  of  electricity  is  interrupted.  The  electrolytic  cell  practi- 
cally forms  a  break  in  the  circuit  (see  Chap,  xxxviii), 

PofurizHtimi.- —  It  is  foiuid  that  when  plates  of  platinum,  a  metal 
which  IS  not  acted  u|(on  by  the  liberated  radicals,  are  used,  the  products 
of  electrolysis  accumulate  on  the  electrodes  and  tend  to  produce  a  re- 
verms  current  (see  Electromotive  chemistry).  The  cell  is  said  to  be 
polarised.  Thus,  after  hydrochloric  acid  has  Iteen  electrolyzed  for  a 
few  moments,  hydrogen  and  chlorine  atlhering  to  the  twt  platinum 
plates  set  up  this  current.*  If  the  battery  is  disconnected,  the  elec- 
trolytic cell  becomes  for  a  brief  lime  itself  a  battery,  the  re-ionization 
of  the  hydrogeu  and  chlorine  (reproducing  hydrochloric  acid)  furnish- 
ing the  energy.     It  is  the  continuous  overcoming  of  this  reverse  current, 

•  If  crtpper  plales  tire  usckI.  oupric  chloride  is  formed  at  the  pouilive  plalQ 
(unodo'i,  and  no  polariKstlon  cnii  occur  ai  iliai  plate. 
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and  prevention  of   the  reuniou,  that  demands  the  niinimuin  electro- 
motive  force  (here  1.41  volts)  of  wliit'h  mention  has  just  been  made. 

It  is  possible  to  arrange  cells  iu  which  no  polariKation  can  take 
place.  Thus,  when  we  eleiitrolj'xe  ouprie  sulphate  betweeo  eopptr 
electrodes,  the  copper  ia  deposited  upon  one  plate  and  the  80,  removes 
e  copper  from  the  other  plate,  forming  cupric  sulphate,  thus  restoring 
the  electrolyte  to  its  original  condition.  The  only  difference  is  that  a 
portion  of  the  copper  has  been  deposited  on  one  pole  and  an  ojuivaleut 
amount  has  been  removed  from  the  other  (see  Coffer  refining).  With 
such  cells,  no  minimum  difference  in  potential  is  required  to  effect  elec- 
trolysis, for  there  i.!!  no  polariKatiou  current  to  be  overcome.  The 
feeblest  electric  current  will  produce  continuous,  if  slow,  chemical 
change. 

This  result  is  extremely  interesting,  for  it  shows  that  the  operation 
of  electrolysis  in  itself  does  not  require  the  consuniptiou  of  nniiih 
energy.  If  the  molecules  were  actually  torn  apart  by  the  electricity, 
then  all  electrolytic  operations  wovdd  require  a  minimum  electromotive 
force  for  their  niainteuance.  The  fact  just  stated,  therefore,  is  signifi- 
cant, for  it  conlirins  the  present  views  in  regard  to  the  theory  of  solu- 
tions. It  is  in  agreement  with  the  belief  that  the  actual  production  of 
tlie  inns  is  accomplished  by  the  water  in  advance,  and  quite  independ- 
ently of  the  use  (if  electricity,  and  that  the  sole  function  of  the  elec- 
tricity in  the  process  of  electrolysis  within  thr  aolnthn  consists  in  the 
pilotage  of  the  ions  in  reverse  directions  according  to  their  charges,  an 
operation  which  necessarily  consumes  but  little  energj*.  The  friction 
alone  of  the  moving  ions  has  to  be  overcome.  It  makes  clear  the  fact 
that  it  is  only  when  the  chemical  change  in  the  cell  involves  the  actual 
decomposition  of  some  material,  accnnqianied  (as  in  the  electrolysis  of 
hydrochloric  acid)  by  the  tinal  delivery  of  the  constituents  in  the  free 
state,  that  considerable  consumption  of  electrical  energy,  proportional 
to  the  extent  of  the  chemical  change,  must  take  place. 

Contluetit4ty  for  ElectHcitp,  —  The  facility  with  which  equi- 
moTar  solutions  of  different  substance.?  conduct  electricity,  when  they 
are  placed  under  like  conditious,  depends  jointly  on  the  degree  of 
ionization,  on  the  speed  with  which  tlie  ions  mo^e,  and  on  the  valence 
of  the  ions.  When  equivalent  instead  of  equimnlar  amounts  are  com- 
pared, the  last  of  these  factors  drops  out  of  consideration.  The  most 
highly  dissociated  acids,  as  we  should  expect,  since  they  give  large 
numbers  of  the  speedy  hydrogen  ions,  are  the  beat  conductors.     The 
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highly  ionized  bases,  suoh  aa  potassium  and  sodium  hydroxide,  come 
next.  The  Itest  coiiduftui's  among  salts  fall  considerately  behind  both 
of  these,  because,  although  their  degrees  of  ionization  may  not  be  less 
than  those  of  the  best  conducting  acids  and  bases,  their  ions  all  move 
more  slowly  than  do  hydrion  and  hydroxidion.  On  the  other  hand, 
concentrated  solutions  all  conduct  badly,  relatively  to  the  number  of 
molecules  originally  used  in  making  them,  because  only  that  propor- 
tion of  the  substance  which  is  ionized  contributes  to  the  conduction 
(p.  318),  All  this  is  Just  what  we  should  expect,  in  view  jf  our 
hypothesis,  for  the  passage  of  the  electricity  must  be  dependent  upon 
the  frequency  with  which  discharges  of  the  ions  upon  the  electrodes 
otMJur,  and  this,  in  turn,  must  depend  upon  both  the  concentration  and 
the  speed  of  the  ions.  To  return  to  an  analogy  used  once  before,  the 
rate  at  which  a  fluid  can  be  transferred  between  two  reservoirs  must 
depend  upon  the  denseness  of  the  array  of  buckets  available  and  on 
the  speed  witli  which  they  are  moved  and  on  their  individual  capacity. 

Onliuitrily,  Jt  is  the  resistance  which  a  substance  presents  to  the 
passage  of  the  electric  current  which  is  measured.  Obviously,  how- 
ever, for  the  present  purpose  it  is  more  convenient  to  give  expression 
to  the  reciprocal  of  this  value,  which  we  term  the  conductivity.  In 
order  that  the  results  may  have  chemical  significance,  we  express  them 
in  terms  of  the  conducting  power  of  one  gram-equivalent  of  the  com- 
pound dissolved  in  water  and  placed  in  a  narrow  cell  whose  opposite 
walls,  of  great  area  and  situated  one  centimeter  apart,  form  the 
electrodes.  Since  the  water  is  a  nonconductor,  the  conducting  power 
of  the  solution  intervening  between  the  plates  is  a  measure  of  the 
capacity  of  the  dissolved  substance  for  facilitating  the  discbarge 
between  the  poles.  Inasmuch  as  varying  the  amount  of  the  solvent 
will  not  affect  the  velocity  of  the  ions  of  the  substance,  any  alteration 
in  conducting  power  resulting  from  dilution  must  depend  solely  on 
the  change  in  the  number  of  ions  available  for  carrying  off  the  eleo- 
tricity.  The  conductivities  of  solutions  of  the  same  substance  in 
different  concentrations  must  therefore  be  proportional  to  the  degrees 
of  its  ionization. 

A  trough  and  amperemeter*  (Fig.  81)  may  be  used  to  illustrate 
this  principle.  The  electrodt's  are  here  long  strips  of  copjier  foil, 
which  pass  down  at  the  ends  of  the  trough  and  are  situated,  not  one 
centimeter,  but  ten  or  fifteen  centimeters  apart,  in  order  that  the  con- 

•  For  Iheae  expeiiwents  an  ainppt-eiiieli'r  of  tow  regisijiiiee,  0.&-1  obiu,  must  be 
.,  and  a  battery  of  one  or  two  a£Cumiilator  cells  is  sufficient. 
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tenta  of  the  vessel  may  be  more  easily  seen.  Wlieu  the  two  instru- 
ments are  placed  in  eh'^uit;  with  a  battery  and  very  pure  water  is 
poured  into  the  cell,  the  amperemeter  does  not  indicate  the  passage 
of  siny  current  of  electricity.  When  a  shallow  layer  of  concentrated 
hydrochloric  acid  is  substituted,  the  situation  is  that  a  definite  amount 
of  hydrogen  chloride  dissolved  in  a  small  amount  of  water  forms  one 
of  the  links  in  the  electric  circuit.  The  deflection  of  the  needle  in  the 
amperemeter  indicates  that  a  certain  current  of  electricity  is  able  to 
pass  througli  this  acid.  When  now  distilled  water  is  gradually  mixed 
with  the  acid,  the  amount  of  conducting  material,  in  this  case  hydrogen 


Fio.  «i. 

chloride,  is  not  altered.  If,  therefore,  its  capacity  far  conducting 
were  not  affected  by  the  dilution,  the  deflection  of  the  needle  in  the 
amperemeter  would  not  change.  The  wider  dissemination  of  the  hydro- 
chloric acid,  tending  to  diminish  the  specitic  conductivity  of  the  solu- 
tion, should  be  exactly  compensated  by  the  greater  area  of  the 
electrodes  coming  into  service.  What  is  actually  ob-served,  however, 
is  a  very  marked  improvement  in  the  conducting  power  of  tlie  solu- 
tion.*   At  first  the  reading  of  the  amperemeter  increases  very  rapidly. 

•  Tlie  interpretation  of  tde  eiperiment  becomes  easier  if  tUe  trough  is  first 
nearly  filled  with  distilled  water  and  tbe  absence  of  deBection  noted.  Then  a  layer 
of  concentrated  hydrochloric  acid  is  introduced  below  the  water,  by  means  o(  a 
long-stemmed  dropping  funnel,  and  the  deflection  is  read.  FiuaJly,  the  layers  are 
destroyed  by  stirring,  and  a  p^at  increane  in  tlie  reading  of  the  amperemeter  ob- 
served. Here  all  the  hydrof^en  chloriile  and  water  are  between  the  electrodes  at 
the  time  of  tlie  second  reading,  and  the  greater  value  of  tlie  third  reading  cannot 
be  attributed  to  the  use  of  a  larger  area  of  the  polea,  but  solely  to  the  redifstdbution 
of  the  acid  througboat  »  greitter  volume. 
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Later,  the  cifect  of  additionul  dilution  becomes  less  marked^  until 
finally  it  becomes  very  slight  indeed. 

When  a  satorated  sol  iition  of  cupric  chloride  ia  substituted,  dilu- 
tioE  is  accompanied  by  a  similar  improvement  in  conductivity.  Here 
we  Qotice,  besides,  that  the  yellowish-green  liquid  with  which  we  start 
changes  to  a  pale  blue,  as  the  molecules  of  cupric  chloride  are  dis- 
sociated and  the  color  of  the  solution  becomes  more  exclusively  that 
of  the  copper  ions.  When  the  solution  has  become  perfectly  blue, 
further  dilution  is  seen  to  affect  the  conductivity  but  slightly. 

The  approach  to  a  maximum  of  iiouductivity  rea/ihed  in  these  two 
cases  indicates  that  practically  the  whole  of  the  material  has  assumed 
the  ionic  form.  Theoretically  the  absolute  maximum  would  be  reached 
at  inliuite  dilution.  The  conductivity  of  the  same  amount  of  sub- 
Stance  in  more  limited  dilution  is  that  of  the  proportion  of  ions  corre- 
sponding to  this  dilution,  since  the  complete  molecules,  still  present, 
are  without  influence  on  conductivity.  Thus  the  ratio  of  the  conduc- 
tivity at  a  given  dilution  to  the  maximum  conductivity  is  equal  to  the 
proportion  of  the  whole  material  ionized  at  the  given  dilution.  From 
a  series  of  measurements  for  a  fixed  amount  of  a  substance  at  different 
dilutions,  after  the  results  have  been  plotted,  we  can  usually  (see, 
however,  below)  ascertain  the  limiting,  maximum  conductivity  by 
graphic  extrapolation.  If  A,  is  the  conductivity  of  an  equivalent  of 
the  substance  dissolved  in  »'  liters  of  water,  and  A_  the  conductivity 
of  the  same  amount  at  infinite  dilution,  then  A,,/A._  is  the  proportion  of 
molecules  completely  ionized  in  the  former  solution.  A^  is  called 
the  equivalent  conduotlTity  at  the  dilution  ». 

The  following  numbers  show  the  equivalent  conductivities  at  18" 

olutions  of  four  different  substances,  expressed  in  the  units  always 
emplrived  for  the  purpose  (which  are  reciprot'al  ohms).  The  symbols 
A(,i,  meaning  1  equivalent  in  0,1  ).;  X,,  meaning  1  eqviivalent  in  1  1.; 
and  so  forth,  denote  the  concentrations. 


I 


V. 

^ 

K 

\m 

(odL) 

nydrnchloric  acid 
8<><1iiim  chtoride    ,     .     . 
Smliuin  actttate     .     .    . 
Acetic  acid 

64.4 

0.06 

301.0 
74.4 
41.2 
1.82 

Sfil.O 

61.1 
4.6 

.'J70,0 
10.1.0 

70.2 
14,3 

384 

110 

7B 

(353) 

It  will  be  seen  from  inspection  of  these  figures  that  the  conductiv- 
ity does  not  improve  mucli   in  tlie  i-nse  of  the  first  tWee  substances 
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when  a  solution  containing  one  equivalent  in  iO  1,  is  diluted  ten  times, 
and  that  further  dilutions,  nii  matter  how  extensive,  pi"oduce  a  still 
smaller  efTeet.  On  the  other  hand,  acetic  acid  conducts  very  badly  JD 
concentrated  solution,  and,  while  the  conductivity  improves  with  dilu- 
tion, it  is  not  possiUe  exiierinientally  to  observe  any  approach  to  the 
maximum  conductivity.  The  conductivity,  in  cases  like  this,  is  still 
far  removed  from  the  maximum  at  dilutioua  at  whii'li,  with  other  sub- 
stances, the  maxiuium  is  nearly  attained. 

In  caaeu  like  that  of  acetic  acid,  the  conductivity  at  infinite  dilu- 
tion c^iuuot  be  estimated  by  extrapolation.  But  fortunately  another 
method  is  available.  The  values  38-1,  110.  and  78  for  A  in  the  cases 
of  the  lirst  three  substances  can  be  reached  by  extrapolation,  and  rep- 
resent the  conducting  powers  of  equal  numlrers  of  ions,  for  there  are 
equal  numbers  of  equivalents  present  and  uo  molecules  remain  nn-ion- 
ized.  These  values  are  unequal  solely  because  of  the  differing  speeds 
of  the  ions  concerned.  Each  of  theui  derives  its  value  from  numbers 
representing  the  relative  speeds  of  the  two  ions  present,  and  must  be 
,  the  siun  of  these  two  nuuibera.  If,  therefore,  we  measure  the  relative 
'  speeds  of  the  two  ions  (p.  315),  we  can  divide  the  value  of  X  in  this 
proportion  and  learn  the  part  which  each  ion  contributes  to  the  total. 
Dividing  384  in  this  way  we  get  the  speed  of  11*  =  318  and  of  Cr  = 
65,9  already  given  (p.  314).  Dividing  k^  for  sodium  acetate  (78),  simi- 
larly, we  get  the  speeds  Na'=  44.4  and  €,11,0,'=  3il.7.  The  speeds  of 
CI'  and  Na"  together  (110.3)  must  then  equ.il  A._  for  NaCl,  and,  as  we 
see,  they  do.  Similarly,  the  speeds  of  II'  and  C^,H,0/  together  (351.7) 
must  equal  A^  for  Hf'^HjO/,  although  we  cannot  observe  the  latter 
directly.  This  method  can  be  applied  to  all  of  the  less  highly  ionized 
acids  and  bases,  for  their  sodium  and  potassium  salts  belong  invariably 
to  the  class  of  substsuices  which  are  most  jonized,  and  for  which,  there- 
fore, A_  can  be  determined  accurately  by  extrapolation. 

Degrees  vf  Ionization  of  Common  SubMUtnces,  —  The  ride, 
degree  of  ionization  =  A,,/ A  (p.  328),  enables  us  to  calculate  the 
value  for  any  dilution,  when  the  necessary  data  are  given.  We  need 
only  the  values  of  the  conductivity  (A,,)  for  different  dilutions  (p.  328) 
^and  those  of  the  relative  speeds  of  each  kind  of  ions  expressed  in  the 
same  units.    The  latter,  when  added,  give  A_. 

Thus,  hydrogen  chloride  in  a  solution  containing  1  equivalent  in 
0.1  1.  (365  g.  per  liter),  which  would  be  a  rather  concentrated  hydro- 


chloric acid,  shows  the  degree  of  ionization  ^  t  or  0.168  (=  16.8  per 


^ 


I 


cent).     Normal  hydroclUoric  acid  is  iooizetl  to  the  extent  of  34.'  or 


0.784;    nomial  sfwliuni  chloride,  'j^»  or  0.676;    normal    acetic   acid, 

1.32 

35a  .  0.004  (=  0,4  per  cent). 

MiBSiPprehcasion  easily  arises  in  regard  to  the  mferencee  that  ID&7  be  drawn 
(rniu  a  conductivity  value.  A  single  Huch  valae,  gay  that  for  salt  at  10  1.  dilution 
(92.G),  gives  no  informatioa  aboat  the  extent  of  ionization.  We  must  have  the 
value  Bt  inSnite  dilutioa  as  well,  that  is,  we  uiiutt  btive  the  other  term  of  the  ratio 
corresponding  to  compSete  ioaizatioii,  before  the  proportion  of  the  niMlecules 
Ionized  at  the  10  1.  dilution  can  be  known.  Further,  we  must  have  the  values  of 
both  for  tbe  Kanie  salt,  at  the  same  temperature  and  in  the  same  solvent,  for  the 
values  at  ail  dilutions  change  markedly  when  any  one  of  these  conditions  is  altered. 
Thus  the  conductivity  of  nortunl  sodium  chloride  solution  at  50°  is  120,  and  ia 
therefore  actually  greater  than  that  al  18°  when  the  dilution  is  indnite.  But 
at  60"  the  conductivity  at  infinite  dilution  is  185,  so  that  at  this  temperature  the 
degree  of  ionization  is  \l^  or  0,85,  about  the  same  as  at  18°.  On  the  other  band, 
when  a  little  alcohol  ia  added  to  the  aqueous  solution,  the  conductivities  all  dimiu- 
Uh.  But  that  at  infinite  dilution  diminishes  also,  so  that  the  proportiou  of  Iho 
material  ionized  doe.'*  not  seem  to  be  greatly  affected,  The  chief  effect  of  raising 
the  temperature  is  simply  to  diminish  the  friction  opposing  the  motion  of  the  ions 
.ind,  therefore,  to  increase  the  conductivity.  The  change  is  about  2  per  cent  for 
each  degree.  Addition  of  alcohol,  on  the  other  haud,  increases  the  friction  and 
diininigheB  the  conductivity.  There  i.!t,  however,  a  real,  though  usually  smaller, 
libange  in  the  degree  of  ionization  with  change  in  temperature.  When  the  tem- 
perature is  raised,  the  fraction  ionized  increases  or  diuiiuishes  acconltng  as  the 
heat  of  ionization  is  negative  or  positive  (tf/  p.  260),  and  conversely  when  the 
temperature  is  lowered. 

The  following  tahles  include  the  common  reagents  and  give  the 
proportions  of  ionized  molecules  (total  molet^ules  =  1).  Except  where 
otherwise  specified,  the  data  are  for  noi'mal  solutionis  at  IS°.  In  the 
case  of  acids  containing  more  than  one  displaceable  hydrogen  unit, 
the  kind  of  ionization  on  which  the  figure  is  based  is  indicated  by  a 
period.  Thus  H.HCO,  means  that  the  whole  of  the  ionization  is 
assumed  to  be  into  H*  and  HCO/. 


FRACTION    IONIZED. 
Aoing, 


Nitric  acid 0,820 

Nitric  acid  (cone,  62%)  .  .0.090 
Hydrochloric  acid  ....  0.784 
Hydrochloric  acul  (cone.,  36%)  0 .  136 
Sulphuric  acid,  Il.H.SO,  .  .0.610 
Sulphuric  acid  ( cone,  05%)  .0.007 
Hydrofluoric  acid  ...  0.070 
Oialio  acid,    U.HC,0,  (N/10, 

25°) .   O.&OO 

Tartaric   acid,    n.HT    (N/10, 

26") 0  082 

Acetic  acid 0  004 

Acetic  acid  (N/IO)  .     .     ,     .  0,018 


Carbonic  acid,  H.HCO,  (N/10) 
Carbonic  acid,  H.HCO,  (N/25) 
Hydrogen  sulphide, H,  IIS  (N/10) 
Boric  acid,  H,  ll^Bd,  (N'/IO)      . 
Hydrocyanic  acid  (N/10)     , 
Pe  rm  iuiganic  acid  ( N  /2,  26° )     . 
Hvdriodic  acid  (N/2,  26")    .     . 
Ilydrobromic  acid  (N/2.  25°)     . 
Perchloric  acid  (N/2.  26°)   ,     . 
Chloric  acid  (N/2,  26")    ,      .      . 
Hydrochloric  acid  (N/2.  25")    . 
PlioHphoric  acid,  H.H^'0,(N/2, 
26°)        


0,0017 

0.0021 

0,nO07 

0001 

0001 

flOl 

8U0 
880 
878 
878 


0.170 
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Bases. 


Potassium  hydroxide    . 

iium  hydroxide   . 
'Ba.riuai  hydruzide  . 
Lithium  hydroxide  . 
Auimoniuin  hydroxida. 
Ttitrarneth  V 1  am  ns  0  n  i  II  111 
dioxide  "(N/ie,  26")  . 


hv- 


0.77 
0.7.3 
O.tSO 
0.ti3 
0.004 

0.96 


Stronliiim    hydroxide    (N/fl4, 
26=)        0 

Bju'ium  hydroxide  (N/tii,  25°)  .  0 

Calciuiii     hydroxide     (N/e4, 
25°) 0 

Silver      hydroxide      (N/1783, 
25°) 0 


93 

00 

39 


Salts, 


Sodium  phosphate,  Na,.  BPO^ 

(N/32) 0.83 

Cupric  nitrate  (N/16)  .  .  .0.80 
I'otaasiuai  chlorate  (N/2)  .  .  0.79 
Sodium  tjirtrate  (S/32,  26°)  .  (0  78) 
PotasKium  cliluride  .  .  .  0.T& 
AmnjoQium  chloride  .     .0.74 

Sodium  chloride      .      .      .      .  0 .  070 
Sodium  tliloride  (N/2).     .     .  0.7;J4 
Sodium  chloride  (N/10)      .      .0,839 
Potaafiium  nitrate    .     .     .     .  0 .  84 
PoUMsium  acetate  .     .  .0.64 


Calcium  sulphate  (N/100)    ,     .0.68 

Silver  uitrate 0.58 

Potassiuui  eulphate  .  ,  .  .0.53 
Sodium  acetate  .  ,  ,  .  .  0.63 
Sodium  bicarbonate,  Ka.HCO,  (0.63) 
Potaaefum  carhooate      .     .     .(0.40} 

Sodium  sulphate 0.446 

Zinc  Kuipliiue 0.24 

Zinc  chloride  .     .     .     ,     .     ,0.48 

Cupric  sulphate 0.22 

Mercuric  chloride      .     .      .   (<;0.01) 
Mercuric  cyauide MiuuM 


Degree  of  Ionization  of  Water,  —  If  we  consider  a  liter  of  water 
as  a  normal  solution  in  wLit.^h  18  g.  (one  laole)  represents  the  solute 
and  the  rest  stands  for  the  solvent,  the  conductivity  for  complete 
ionization  into  H*  and  OH'  would  be  318  +  174  =  492.  The  actual 
ionization  is  one  ten-millionth  part  of  this.  In  other  words,  there  is 
only  one  ten-millionth  of  1  g,  of  hydrion  and  the  same  frantion  of  17  g. 
of  hydrojddion  in  a  liter  of  water.  A  column  of  water  1  cm.  long  con- 
ducts less  well  than  a  column  of  mercury  of  equal  cross-section  and 
over  660,000  miles  in  length, 

Genernl  Remarks  on  these  Values.— It  will  be  seen  from  in- 
Bpectiou  of  the  above  mnnbers  for  acids  that  the  proportion  of  the 
molecules  ionized  in  solutions  of  equivalent  concentration  varies 
enormoualy.  Rouglily,  the  acids  might  be  divided  into  four  groups; 
those  in  which  the  ionization  exceeds  70  per  cent  in  normal  solutions ; 
those  in  which  it  lies  between  70  and  10  per  cent ;  those  in  which 
it  lies  between  10  and  1  per  cent ;  and  those  in  which  it  is  smaller 
than  1  per  cent.  To  the  first  class  belong  the  acids  which  we 
generally  recognize  as  the  most  active  in  all  their  chemical  relations, 
namely,  nitric  acid,  the  halogen  hydiides,  and  one  or  two  others.  To 
the  second  class  belong  sulphuric  acid  and  phosphoric  acid,  and  they 
are  leas  active.  Amongst  the  acids  whose  ionization  lies  between  one 
and  ten  per  cent  are  such  as  hydro  fluoric  acid  and  acetic  acid,  and 
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chemically  they  aie  weak.  Carbonic  acid  and  boric  acid  are  of  the 
fourth  class,  and  are  feeble  acids. 

The  bases,  alt.hougb  less  uumeroua,  show  that  a  similar  division 
might  be  luade,  although  in  tbe  above  list  oiily  two  classes  are 
represented,  —  the  strong  bases,  beginning  with  putassiuiu  hydroxide, 
and  the  feeble  bases,  represented  by  ammonium  hydroxide. 

Thesaits  shtiw  a  much  greater  uniformity;  and,  if  the  list  had  been 
extended  so  as  to  iucluile  the  liundreds  of  common  salts  in  constant 
use,  the  vast  majority  would  have  been  found  to  show  degrees  of 
ionization  lying  between  50  and  80  per  cent.  Only  a  few  fall  Iwlow 
these  limits.  The  salts  of  mercury  are  almost  the  only  ones  which 
would  belong  to  the  class  of  least  ionized  substances.  Salts,  like  zinc 
sulphate  and  oupric  sulphate,  in  which  l«th  ions  are  multivalent,  are 
always  mnch  less  highly  iouiaed  than  are  salts  {e./j.  7.iiVA^)  made  up  of 
either  of  the  same  ions  along  with  a  uinvalent  ion.  Salts,  however, 
are  ahnost  never  restricted  in  their  degree  of  ionization,  to  an  extent 
sufficient  to  produce  any  noticeable  effect  on  their  chemical  properties 
(see,  however,  t'admium  iodide  and  Mercuric  cyanide). 

The  relation  lx?tween  degree  of  ionization  and  prominence  of  acid 
or  basic  chemical  properties  will  be  developed  in  the  next  chapter. 

Comparison  with  the  ResHltn  OMained  by  Othei'  Methods.- 
The  value  for  the  dogi-ee  of  ionization  aa  measiu'ed  by  the  conductivity 
method  is  coincident  with  tlsat  found  for  the  same  solution  by  a  study  i 
of  the  abnormalities  in    freezing-  and   boiling-points  and  in  o3motio| 
pressure  (Chap,  svii).     The  electrical  method  gives  accurate    results 
mote  eiisily  than  do  the  others,  however,  and  is  therefore  the  one  most 
frequently  used,     It  wjis  Svante  Arrhenitis,  a  Swedish  chemist,  who, 
in  18S7,  first  noted  the  coincidence  in  the  values  and  devised  the  iouio.i 
hypotliesis  to  n<-rount  for  it.     rroiii  the  appearance  of  his  remarkable 
memoir  we  date  the  great  development  which  the  study  of  Bolutious  * 
hsB  imdergone  iu  recent  years. 


Ejc^rei^es.  —  i,  Name  (p,  322)  the  ionic  materials  furnished  by  the 
dissociation  of  potassium  bromate,  silver  bromide,  sodium  periodate 
(NalO,),  i>ermanganic  acid, 

2.  Give  lists  of  other  anions  and  cations  which  have  been  en- 
countered. 

•  The  Sf.imUlfie  Afemoirj.  No.  IV.  f  Anierica)i  Book  Company),  Is  a  reprint 
of  Lbt)  fuiul&metitai  papers  by  Itaoult,  van  't  HoS,  aud  Arrbcniiu. 


ELECTROLYSIS 


338 


3.  How  many  coulombs  are  carried  by  and  will  deposit:  20  g.  of 
silver,  15  g.  of  antimony,  30  g.  of  chlorine,  60  g.  phosphauiou 
(P0«)? 

4.  What  current  strength  (in  amperes)  is  required  to  deposit: 
20  g.  of  silver  in  an  hour,  100  g.  of  iodine  in  5  minutes,  60  g.  of  anti- 
mony in  3  hours  ? 

5.  What  is  the  percentage  of  molecules  ionized  in:  deci-normal 
(N/10)  sodium  chloride,  centi-normal  (N/100)  acetic  acid,  centi-normal 
hydrochloric  acid  (p.  328)  ? 

6.  Give  an  experimental  definition  of  the  term  ion.  That  in  the 
text  (p.  321)  is  in  terms  of  the  hypothesis. 


CHAPTER   XX 


THE   CHUMICAZi  BEHAVIOR  OF  IONIC  SITBSTANCES 

Befobe  coDsidermg  the  typical  mteractious  of  iopogens  in  solution, 
we  must  have  a  clear  conception  of  the  peculiarities  of  these  bodies 
which  are  likely  to  affect  their  behavior.  The  facts  on  wliich  such 
a  conception  must  be  baaed  have  been  given  in  preceding  chapters,  and 
all  that  is  now  necessary  is  to  collect  and  apply  these  facts.  On 
aeeount  of  the  cohereace  which  they  give  to  the  subject,  the  figures 
of  speech  of  the  ionic  hypothesis  will  be  largely  employed.  The 
reader  will,  therefore,  do  well  to  exercise  especial  care  to  distinguish 
fact  from  fiction. 

In  this  discussion  it  must  be  made  clear  that  aqueous  solutions 
of  ionogens  are  mixtures  containing  several  solutes.  It  must  also 
be  shown  that  each  kind  of  ions  is  a  distinct  substance  with  indi- 
vidual physical  and  cliemical  propertiea.  Next,  salts  lieing  used  for 
illustration,  the  commonest  kind  of  Interaction,  double  decomposition 
between  ionogens,  will  be  discussed.  In  this  connection  precipitation 
brings  up  the  peculiar  state  of  equilibrium  between  the  undissolved 
solute  and  the  complex  of  molecules  and  ions  in  solution.  Applica- 
tion of  the  same  principle  to  special  cases,  such  as  those  of  acids  and 
bEMss,  then  follows. 

The  discussion  of  systems  in  equilibrium  in  the  present  chapter 
will  he  purely  qualitative.  The  quantitative  consideration  of  ionic 
equilibria  {rj\  p.  297)  is  postponed  until  the  study  of  the  metals  and 
their  coinpuunds  is  taken  up  (see  Chap,  xxxiv). 

Solutiojui  of  lonoffens  are  Mixtures,  —  We  are  accustomed  to 
regard  a  Ixittle  of  sodium  chloride  solution  as  containing  but  one  thing, 
aside  from  the  water.  We  must  now  think  of  it  as  containing 
at  least  three  dissolved  substances,  any  one  of  which  might  he  alone 
responsible  for  some  property  of  the  solution.  The  same  idea  must 
accompany  our  use  of  every  solution  of  an  ionogen.  Thus,  in  ordi- 
nary experiments,  in  which  solutions  of  concentration  not  far  from 
normal  are  commonly  used,  we  have  something  like  the  following 
proportions  (p.  330)  of  the  three  main  components  in  six  typical  cases : 


S^ 


J 


THK  cmancAi. 


or  tOSK  SK-mStXKCK 


itSa 


i  >KUH;ziK*+OH\77 


ivex  {art,  aiBd  by  tag  t^  BMrt 

>  knie.    Oipno  wtylitti^ 

.est  (|k.SS:r)k  pnwtiealljr 

:'  unus.  for  ooly  a  f«w 

^■■iM  iu     Tin  acid*  aad  Insm 

rtioa  of  riMwa  »«  Bk*  aoifeio 

:  t'vh'.    Sail,  CTCB  wImb  smmU 

ire  aiaost  alwajs  moeli  aora 


Ib  adhtian  Made  faoK 
ITB  part;,  flC  tke  eonteat- 
a  sak  bot&  of  wii 
;dw  lover  fimit 
taf  lafMay  aadcadBi: 
a  vids  laage^  aad  & 

■ooat,  t^  ioBs  of  aekL.  .. 
are  tkan  tke  laaleealet. 
ne  mBBBaee  of  still  otber  oMupoaaate  ia  aalatioaB  of  sahs,  antni^ 

<iaa  with  the  water,  wiU  be  aotod  later. 

While  iMMt  of  theee  btete  are  ascertained  bj  morp  or  laes  noMto 

froa  physical  and  ehenueal  propatttes  of  the  solutMoa, 

!  of  them  are  evident  to  the  ejre  ia  certaia  caaee.    Thus  the  pnig> 

of  the  iottisntMm  of  a  salt  may  be  sras  if  oit«  of  the  ions  is 

ia  eolor  from  the  nKdeeales.    Coprto  bromido  iu  the  aolid 

is  a  jei  black,  duniii^  ciystalHoe  substance.     When  treated 

[with  a  smsU  uaouat  of  water  it  forais  a  solution  which  is  of  a  deep 

nddish-bcown  tint,  grring  no  bint  of  resemblance  to  a  solution  of  any 

enpiic  salt.    This  doubtless  represents  the  color  of  the  tttoleoalee. 

kCWhaa  more  water  is  added,  the  deep  brown  gires  pisoe  gndualiy  to 

^Ireen,  and  finaUy  to  blue.     The  hitter  is  the  color  of  the  cuprion 

(Cu"),  and  is  familiar  in  all  solutions  of  eupric  salt^.     The  colorless 

^nature  of  solutions  of  pot.asstuni  and  sodiunt  bromides  shows  that 

omidion  (6r')  is  without  color.     Hence,  iu  Uie  preseut  instance  it  is 

inTiaible.     We  are  thus  watching  the  progn^ss  of  the  action : 

CuBr,  j:±  Cn"  +  UBr*. 

If  1  g.  of  the  9oUd  is  taken,  it  di^olves  in  about  its  own  weight  of 
w&ter,  and  independent  measurement  shows  that  thei-e  is  relatiTvly 
little  ionization.  Hence  the  solution  is  deep  brown.  VMieu  10  o,c  of 
water  has  been  added,  70  per  cent  of  the  salt  is  ioniretl,  and  the  solu- 
tion is  green.  With  40  c.c.  of  water,  only  19  {>er  cent  rt*uiaiiis  iu 
_  molecular  form,  and  the  blue  color  of  the  cuprion  entirely  tiverlH'WS 
^Hthe  tint  of  the  molecules.  If,  at  the  green  stage,  we  dissolve  solid 
^^  potassium  bromide  in  the  liquid,  the  high  concentration  of  bromidiuu 
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which  results  causes  an  exbeusive  reversal  of  the  dissociation  (cf.  p. 
260), and  the  moleciilesj  with  their  brown  color,  become  proniiuent  again. 
SuiBcient  final  dilution  with  water,  however,  reduces  the  concentrations 4 
of  all  the    ions  once  more,  the  moloculeii  dissociate,  and  the  brown 
color  is  displaced  by  the  blue  for  the  second  time. 


Each  Kiwi   of  Tan   in  a  MtJctufe   Acta   Independentlff,  — 

Numberless  facts  show  that  each  kind  of  ion,  for  example  cuprion,  has 
an  individual  set  of  physical  and  chemical  properties  and  behaves  in 
many  ways  as  if  alone  present  in  the  solution.  We  shall  meet  with 
much  evidence  of  this  in  the  sequel.  Rome  facts  tending  to  prove  it, 
that  have  iUreiidy  been  given,  may  be  recalled  {ef.  p.  295), 

If,  in  comparing  the  migration  speeds  of  any  element,  say  copper, 
in  different  salts  (p.  .'314),  they  were  the  motions  of  substances  like 
Cu(NO,),,  CuBrj,  CuSO^,  that  we  were  comparing,  all  analogy  teaches 
us  that  the  speeds  with  which  they  would  move  should  vary  widely. 
That  the  blue  color  drifts  always  at  the  same  pace  shows  that  it  ia  the 
same  substance,  nanifly,  cuprion  (Cu"),  that  we  are  observing. 

If,  in  solutions  of  the  diflferetit  permanganates,  KMnOj,  NaMnO„ 
Ba(MnO,)j,  and  so  forth,  the  dissolved  bodies  were  different  in  each 
case,  we  should  confidently  expect  the  purple  colors  of  the  solutions  to 
differ  markedly  in  shade.  But,  for  tlilute  solutions  of  equivalent  con- 
centrations, when  strict  examination  is  made,  the  tints  are  found  to  be 
absolutely  identical.  We  are  therefore  simply  comparing  different 
mixtures  all  containing  the  same  proportion  of  the  same  free,  colored 
Iwdy,  MnOj'. 

In  phoajdiorus  pentachloride  vapor  (p.  255),  the  fully  liberated 
trichloride  ami  chlorine  are  prominent  components.  Diminishing  the 
volume  of  a  tixed  amount  of  tlii.s  mixture,  by  compression,  throws 
more  chlorine  into  combination  and  the  total  absorption  (from  which 
the  greenish-yellow  color  is  derived)  becomes  less,  the  compounds  of 
phosphorus  Ijeing  both  colorless.  Increasing  the  volume,  on  the  other 
hand,  promotes  the  dissociation  and  increases  the  total  absorption.  The 
system  of  ions  and  molecules  in  equilibrium  in  a  solution  of  cupric 
bromide,  or  any  other  ionogen,  behaves  in  exaetly  the  same  way.  The 
components  possess  and  exhibit  individual  properties,  much  like  the 
components  of  a  gaseous  mixture  (p.  155),  both  in  this  and  in  other 
respects. 

AH  solutions  of  acids  are  sour  in  taste,  irrespective  of  the  natar« 
of  the  negative  ion,  while  salts  containing  the  same  negative  rs^i 
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are  not  souv  at  al!.  Hence  in  solutions  of  acids  we  are  tasting  the 
same  free  substanee,  hydrion  {II').  Similarly,  in  solutioua  of  all 
alkalies,  we  note  the  soapy  taate  of  hydroxidion  (OH'). 

These  illustrations  concern  physical  properties.  In  the  next  sec- 
tion we  shall  learn  that  an  ionic  material,  such  as  bromidion  or  cu- 
primi,  has  specific  eltemical  properties  irrespective  of  the  nature  of  ita 
concomitants. 

Salts,  Ionic  Dooble   Decomposition,  Pkecipitation. 

Sattg,  —  We  have  already  seen  that  salts  fliffer  much  in  solubility 
in  water,  that  some  combine  with  water  to  form  solid  hydrates  (p,  120), 
that  they  interact  with  acids,  bases,  and  other  salts  by  exchange  of 
radicals,  reversibly  (p.  281),  and  that  they  are  all  ionogena. 

Both  the  positive  and  negative  ions  of  salts  may  be  simple  or  com- 
posite, Na.Cl,  Na,NOa,  NH^.d,  NH^-NOp  The  elements  which  can 
form  a  simple  positive  ion  are  known  in  chemistry  as  metala  (p.  119, 
and  see  Chaps,  xxiii  and  xxxii).  Non-metaU,  like  nitrogen,  may  bo 
present  in  a  positive  ion,  as  in  NH,*,  but  never  exclusively.  In  other 
words,  we  know  no  such  substances  as  nitrogen  sulphate,  or  carbon 
nitrate,  Metals,  on  the  other  band,  are  frequently  found  in  the  nega- 
tive ion,  but  never  constitute  it  exclusively.  They  are  then  usually 
associated  with  oxygen,  as  in  MnO/,  ami  Cr.jO,".  Some  ionic  mate- 
rials are  colored,  Cu"  blue,  Cr""  reddish  violet,  Co"  pitik,  MnO/ 
purple,  Cr^O,"  orange,  but  most  of  them  are  colorless,  K',  Na',  Zn", 
CI',  r,  NOj'.  The  ions  of  salts  do  not  affect  litmus.  They  vary  in 
taste,  some  being  salt,  some  astringent,  some  bitter.  In  dilute  snln- 
tions  they  are  almost  always  numerous  in  comparison  with  the  surviv- 
ing molecules.  They  carry  electricity,  but  relatively  leas  well  than 
do  hydrion  and  hydroxidion,  on  acixiuut  of  their  slower  migration.  All 
the  known  ionic  materials  are  found  in  solutions  of  salts.'  The  only 
ions  which  are  not  characteristic  of  salts,  although  sometimes  occur- 
ring in  their  solutions  ( see  Mixed  ionogens ),  are  hydrion  H',  and 
hydroxidion,  OH', 

Double  Decompftnlt.ion  of  Salts  in  Solution.  —  When  we  mix 

sodium  chloride  (NaCl)  and  silver  nitrate  (AgNO,),  both  in  solution  in 
water  (H.O),  there  would  seem  to  be  many  different  possibilities  of 
union  amongst  the  six  elements  represented  in  tlie  mixture.  But  only 
one  sort  of  change  occtirs,  and  it  takes  place  almost  completely: 
AgNO,  +  NaCl  L^  AgCl  J-H  KaNO,.  (1) 


I 


So  in  general,  we  find  that  a  single  crosswise  union  of  ions  with  oppo- 
site electrical  charges  is  by  far  the  coinmoneab  kind  of  interaction 
between  ionogens.  There  are  indeed  four  other  kinds  of  ionic  chetnical 
change,  as  will  be  seen  in  the  sequel,  but  for  the  present  we  shall  dis- 
cuss only  the  oases  of  double  decomposition. 

When  solutions  of  two  ionized  substances  are  mixed,  the  first  reflec- 
tion which  occurs  to  us  is  that  each  of  these  lias  been  diluted  by  the 
water  in  whicli  the  other  was  dissolved,  so  that  the  first  effect  will  be 
to  increase  the  degree  of  ionization  of  both  to  a  certaia  extent.  The 
next  consideration  is,  however,  that  we  have  pfoduoed  a  mixture  of 
four  ions,  which  must  have  at  least  some  tendency  to  unite  crosswise. 
Thus  potassium  chloride  and  sodium  nitrate  in  dilute  solution  are  very 
greatly  ionized  before  mixing.  The  reversible  actions,  represented  by 
the  horizontal  pair  of  the  following  equations,  have  taken  place  exten- 
sively. But,  by  mixing  the  liquids,  we  have  brought  into  presence  of 
one  another  two  new  pairs  of  positive  and  negative  ions.  Hence,  two 
other  reversible  actions,  the  vertical  ones, 

Kcit^K-  -h  cr 

NaNO,£:jNO,'-f  Na* 

If  Jt 

KJSO,       NaCl 

will  be  set  up  and  will  proceed  until  a  fresh  equilibrium  of  all  the  ions 
with  all  four  kinds  of  molecules  has  been  reached,  Exaniiuation  of 
the  solutions  of  these  four  salts,  separately,  shows  that  they  are  in  an 
equal  degree  extensively  ionized  in  dilute  solutions,  so  that  iu  this  par- 
ticular case  the  whole  ijuantity  of  molecules  of  all  kinds  will  not  be 
very  great.  That  this  itifereuce  is  correct  is  shown  by  much  independ- 
ent evidence,  of  wliicb  two  samples  may  be  given. 

The  change  of  ionic  materials  into  molecnlar  and  vwe  versa,  is  always 
accompanied  by  absorption  or  liberation  of  heat  (p.  Hlif)).  Now  it 
was  for  long  a  matter  of  surprise  that  when  dilute  solutions  of  salts, 
as  distinct  from  pairs  which  included  acids  or  bases  (^.c),  were  mixed, 
no  heat-change  was  observable,  This  fact  was  called  the  thermoneu- 
trality  of  salts,  but  the  reason  for  it  was  unknown.  Since  salts  are  all 
highly  ionized,  the  reason  is  now  apparent.  Similarly,  no  changes  in 
color  or  volume  accompany  the  mixing  of  dilute  solutions  of  salts. 

Again,  any  of  the  means  which  may  be  used  for  measuring  the 
number  of  molecules,  includifif;  ions,  in  a  solution,  may  be  applied  to 
learning  whether  any  appreciable  jiroportion  of  the  latter  has  disap- 


J 


THE    CHEMICAL   BEHAVIOR   OF   IONIC   SUBSTANt  KS 


339 


"peared.  Osmotic  pressure,  freezing-point,  boiling-point,  and  conduc- 
tivity are  all  applicable.  The  laat  lends  itself  best  to  the  purpose  of 
demonstration.  The  cell  and  amperemeter  described  in  the  last  chap- 
ter (Fig.  81)  may  lie  employed.  We  place  in  the  cell  a  one-fourth 
normal  (N/4)  solution  of  potassium  chloride  and  introiluce  an  equal 
volume  of  N/-1  sodium  nitrate,  in  such  a  way  that  it  forms  a  separate 
layer  beneath  the  other  solution.  We  reail  the  amperemeter,  mix  the 
liquids  by  stirring,  bo  as  to  permit  chemical  interaction  to  take  place, 
and  then  note  the  conductivity  ouce  more.  There  ia  no  observable 
change  in  the  conducting  power,  and,  tlierefnre,  no  appreciable  change 
in  the  condition  of  the  ionic  subatatu'es  has  taken  place. 

We  shall  have  oocaaion  in  a  later  paragraph  to  show  that,  where 
the  ions  unite  crosswise  to  an  appreciable  extent,  an  experiment  of 
this  kind  shows  a  marked  diminution  in  the  conductivity,  correBpond- 
ing  to  the  amount  of  combination  that  has  occurred.  In  such  cases, 
also,  heat  is  either  liberated  or  absorbed. 

It  thus  appears  that  when  dilute  solutions  of  salts  are  mixed,  and 
there  is  no  i'isilil<>  epuliDre  of  chfmifal  chuiiijg,  the  little  that  has  taken 
place  may  be  neglected.  Practically,  mixing  of  this  kind  \s  a  physical 
operation.  Of  course,  in  the  event  of  one  product  being  precijiitated, 
a  diminution  in  the  conductivity,  corresponding  to  the  amount  of  ionic 
material  removed,  will  Ije  observed. 

In  view  of  tlii;  above  expUnatioi),  Ihe  old  qaeation  of  whpLher  Buc^h  a  boIuLIou 
contains  the  first  pair  of  Halls,  or  tbe  second  pair,  repre.ten ted  In  the  diiublu  ilecoui- 
position,  KCl  +  JiaNO,  !i±  KNO,  +  NaCl,  ioaoa  its  whole  point.  TUe  solutlun  con- 
taiiiB  neither  tbe  initial  moleoulnr  substanceH  nor  the  moleculnr  prorfLicts,  in 
appreciable  anion  nt. 

SotuUonnnfl  FtecipUntlonof  SnltH.  —  In  a  body  which  is  dis- 
solving or  beitig  preinpitated,  we  are  observing  the  progress  of  a  rever- 
sible physical  operation  (p,  15.^): 

Molecules  (undiss'd)  ?:»  molecules  (diss'd). 

If  the  molecules  are  sparingly  soluble,  the  forward  action  is  feeble, 
while  the  backward  one,  when  we  start  with  the  same  material  in  solu- 
tion, makes  great  progress.  Conversely,  when  the  suljstance  in  a  sol- 
uble one,  the  forward  action  comes  to  a  standstill  (or  the  reverse  action 
occurs)  only  when  the  concentration  of  dis.solved  moletniles  has  be- 
come very  large. 

Now  it  will  be  noted  that  this  mechanical  adjustment  concerns 
only  the  mideeuhs,  and  that  the  iojis,  if  there  are  atiy,  are  itivolved 
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only  indirectly.  The  ions  are  in  equilibrium  with  the  dissolved  mole- 
cules: 

AB  (undisa'd)  5^  AB  (di9s'd)i=i  A-+  B'. 

Heuoe,  when  a  substance  dissolves,  it  does  so  ia  moleculai  form,  and 
ions  are  subsequently  generated  from  some  of  these  molecules  until 
equilibrium  is  reached.  (Jouversely,  when  molecules  come  out  of  so- 
lution, as  the  result  of  cooling,  for  example,  the  diminished  concentra- 
tion of  the  central  term  of  the  chain  euables  more  ions  progressively 
to  unite  until  the  whole  system  has  adjusted  itself  to  the  new  condi- 
tions. 

Now  this  has  an  iniport^aut  bearing  on  the  result  of  mixing  dilute 
solutions  of  two  soluble  salts.  We  have  seen  that  the  concentration  of 
the  molecules  of  the  new  pair  of  salts  is  never  hirge.  Yet  it  may 
easily  be  in  excess  of  the  amount  which  the  water  can  hold  in  solution, 
if  one  of  the  salts  is  of  the  relatively  insoluble  class.  This  occurs, 
for  example,  when  a  chloride  is  mixed  with  a  salt  of  silver.  The  sys- 
tem of  equilibria,  leaving  out  that  of  Na*  and  NO,',  and  rearranging 
{<•/.  p.  3,'i8),  so  as  to  save  space,  appears  as  follows : 


NaCl     fc^  Na-  +  CI'   ) 


(2) 


The  concentration  of  dissolved  silver  chloride  which  the  solid  can 
maintain  in  solution  being  very  minute,  most  of  this  salt  is  at  once  pre- 
cipitated. The  ions  continue  to  unite  because  the  requisite  concen- 
tration of  molecules,  whose  dissociation  should  bring  their  wnion  to  a 
standstill,  has  not  been  kept  up.  The  new  molecules  are  in  turn  pre- 
cipitated. The  system  reaches  a  stable  condition  only  when  the  con- 
centration of  chlorjdioD  (Cr)  and  argention  (Ag*)  has  fallen  to  that 
which  can  be  tnaintained  by  the  mere  trace  of  molecules  which  the  in- 
solubility of  the  substance  permits  to  remain  in  solution.  "Wlien  the 
system  of  equilibria  is  examined,  we  see  at  once  what  the  result  must 
be.  The  removal  of  chloridion  and  argcution  enables  the  remaining 
molecules  of  sodium  chloriile  and  silver  nitrate  to  become  completely 
ionized.  Thus  the  concentration  of  NaCl  and  AgNO,,  of  Ag'  and  CI' 
and  of  the  dissolved  Ag<>l,  all  becx>me  practically  zero.  The  system 
finally  contains  only  molecular,  solid  silver  chloride  ami  the  three  sub- 
stances, Na'  -f-  NO,'  t?  NaNO,,  in  equilibrium,  of  winch  by  far  the 
greater  part  is  the  ionic.  There  is  therefore  in  the  action  much 
which  the  first  equation  (p.  3.'^7)  did  tsot  show. 
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The  above  explanation  will  apply  to  any  case  of  precipitation 
resulting  from  the  iuteraetion  of  ionogfins.  If  the  least  soluble  of  the 
four  salts  is  more  soluble  than  silver  ehloride,  nioi*  concentrated  solu- 
tions are  required  to  secure  precipitation.  The  interaction  of  hydro- 
gen chloride  and  sodium  hydrogen  sulphate  (p.  179)  is  of  this  nature  : 

kHCli=;H*       -l-Cr  ^  *^^  jfaCl  (diss'd)  ;=i  NaCl  (solid).  H 

NaHS0^t5HS0/+Na*i  ^  ^        '  H 

I  It  should  be  noted  that,  strictly  speaking,  the  only  interaction  tak- 

ing place  when  the  solutions  are  mixed  is  the  production  of  the  insol- 
uble body.  Ill  the  case  of  silver  chloride,  (1)  and  (2),  the  largest  part 
of  the  chemical  action  may  be  formulated  thus  : 

Ag'  +  Cl't5AgCl.  (3) 

The  chief  change  that  has  iia  yet  Iwfallen  tlie  ions  of  sodium  nitrate  is 
that  they  have  been  tran.sferreil  froin  two  separate  vessels  into  one. 
Potentially  the  salt  has  beeu  formed.  But  the  actual  union  of  its  iona 
to  give  the  second  product  in  the  molecular  condition : 

Na-  -I-  NO,'  -^  NaNO„  (4) 

comes  about  only  when,  at  some  subsequent  time,  if  at  all,  the  water  is 
evaporated  away. 

Individual,   Specific   Chemieal   Froperties  of  Each   Ionic 

JUtUerial.  — We  wrote  the  equation  for  the  formation  of  silver  chlo- 
ride (Ag*  +  CI'  — *  AgCl}  as  if  argention  and  chloridiou  were  the  only 
substances  concerned  in  the  action.  Further  study  shows  this  to  be 
justifiable.  Thus,  hydrochloric  acid,  cupric  chloride,  and  dozens  of 
other  chlorides  may  be  used  instead  of  sodium  chloride  and  give  silver 
chloride  just  as  readily.  The  natrion  bad  nothing  to  do  with  the 
result.  Of  course  we  cannot  get  a  solution  contain  iug  chloridion 
alone,     Like  a  vessel  in  which  to  make  the  experiment,  some  positive 

I  ion  is  required.  But,  like  the  rest  of  the  apparatus,  this  ion  may  be 
varied  indetiniteJy,  is  not  altered  in  the  course  of  the  change,  and  may 
therefor©  be  dispensed  witli  in  the  equation.  The  nitranion  (NO,') 
which  accompanied  the  argention  is  similarly  a  part  of  the  apparatus, 

I       for  silver  sulphate  solution  works  just  as  well  as  silver  nitrate. 

That  chloridion  is  a  sulistance  with  specific  chemical  properties,  is 
easily  demonstrated.  It  forms  silver  ciiioriile  whenever  it  encounters 
argention.     Other  substances,  even  when  they  contain  chlorine,  lack 
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this  property.  Chlornform  (CHCl^)  and  ehlorobenzane  (CgHjCl),  in  a 
solvent  it)  which  ionogeiis  are  dissociated,  do  not  interact  wlten  silver 
nitrate  is  added.  They  give  no  diloridion,  and,  in  fact,  remain  un-jon- 
ized.  Potassium  chhirate  (Rt'lO,)  and  perchlorati^  (RC10<)  and  uhlor- 
acetic  acid  (HCjH,C10j},  with  ai'gention,  fail  likewise  to  give  silver 
ehloride.  They  are  ionized,  but  chloridion  is  not  one  of  the  iona 
of  any  of  them.  The  inns  CIO/,  CIO/,  and  C,H,C10/,  have  properties 
of  their  own,  and  their  compounds  with  argention  are  soluble. 

Other  chemiual  properties  of  chloridion  are:  That  it  unites  also 
with  plundjion  (Pb")  and  mnnomercurion  (Hg'),  forming  insoluble 
chlorides  (p.  185).  It  is  disuharged  and  liberated  as  free  chlorine  by  J 
fluorine  (p.  241) : 

2H-  +  2C1'+  Fj  -,  2ir  +  CI,  +  2r'. 

Since  the  hydrion  is  not  affected  and  many  chlorides  behave  in  a 
similar  manner,  the  positive  ion  may  be  omitted  : 


2C1'+  Fj-^Clj+2F'. 

Finally,  chloridion  has  relatively  little  tendency  to  unite  with  other 
ions,  or,  in  other  words,  the  compotmda  of  chloridion  virith  most  other 
ions  are  highly  ionized.  Thus  it  condiinea  witli  hydrion  to  the  extent 
of  only  22  per  cent  (p.  330)  in  normal  solution.  In  this  respect  it 
diffei'S  markedly  from  free  chlorine,  just  as  hydrion  differs  from 
hydrogen.  The  free  elements  unite  with  vigor  and  completely.  Hy- 
drogen chloride  is  easy  to  dissociate  into  ions,  lint  diffii-ult  to  dissociate 
into  its  constituent  elements.  Xothing  could  show  more  strikingly 
than  this  that  the  ionie  materials  have  chemical  properties  of  tbeir 
own. 

Similarly,  barium  salts  and  ordinary  sulphates  give,  when  mixed,  a 
precipitate  of  barium  sulphate.  Here  we  euuounter  a  property  of  ba- 
rion  (Ba")  and  sulphanion  (SO/').  But  potassium  ethyl  sulphate 
(KCjHjSO,),  in  spite  of  its  name,  will  not  give  this  reacjtiou  with 
a  barium  salt.  Here  electrolysis  shows  that  aulphauion  is  absent  and 
that  the  negative  ion  is  CjHjSO/. 

In  the  same  way  every  other  ionic  material  may  be  shown  to  be  a 
substance  with  an  individual  set  of  physical  (p.  ;i3(>)  and  chemical 
properties,  Each  salt,  when  dissolved,  gives  two  kinds  (see,  however, 
Iwlow)  of  ionic  materials.  The  solution  is  simply  a  mixture,  and  each 
physical  component  forthwith  behaves  towards  ions  capable  of  uniting 
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with  it,  its  if  it  were  alone.  The  other  inateriiils,  iouic  and  molecular, 
which  are  preaeat,  may  remain  essentially  unaffected  throughout  the 
change. 

ApplicntUtn  in  Chemical  Analffiiift. —  Since  tlte  larger  number 
of  oi'diiiaiy  uheniical  substanees  are  ionogens,  atid  the  most  rapid  and 
simplest  chemical  changes  take  place  when  they  are  in  solution, 
the  various  reactions  of  their  solutions  are  employed  as  teats  for  tlie 
anbstauces  in  question.  An  advantage  of  the  use  of  the  solutions  is 
that  they  contain  a  mixture  of  two  independent  materials,  the  anion 
and  the  eution,  and  when  these  have  been  identified  successfully  the 
salt  from  which  they  were  formed  is  known.  The  simplicity  to  which 
chemical  analysis  is  thus  reduced  may  be  seen  when  we  consider  that 
twenty-five  common  metals  with  twenty -five  negative  fadtcals  might  give 
a  total  of  over  six  hundred  different  salts.  If  the  distinct  properties  of 
each  of  these  had  to  he  considered,  the  identification  of  an  unknown 
substance  would  be  very  difficult.  In  solution,  however,  the  jiroblem 
becomes  much  easier.  Every  solution  made  from  a  single  salt  will  con- 
tain but  two  substances  (in  the  main;  see,  however,  below),  and  the 
problem  reduces  itself  to  ascertaining  which  two,  out  of  a  total  of 
fifty,  are  present  in  any  particular  case. 

As  an  example  of  the  mettiod,  let  un  mipipofie  ttiat  we  look  first  for  the  podtive 
Ion,  MoBt  syBtems  ot  anaiysls  begin  "by  tJie  iuldition  of  ft  solution  containing 
chloridion,  generally  dilute  hydrocliloric  acid,  to  the  liquid,  tl  an  ion  is  present 
whiuU  in  eombiiiation  with  chloridion  gives  an  insoluble  compound,  a  precipitate 
will  appear.  Araniigst  tlie  common  positive  ions  but  three  are  of  this  kind,  namely, 
argentioD,  monomereiu'ioM,  and  diplumbiDU.  tsothat  the  precipitate,  if  it  appears, 
is  a  chloi'ide  of  one  of  th^se  three  metals,  iuad  the  matter  of  distingiiisliing  between 
the  three  is  quicbJy  disposed  of  by  further  examination  of  !ls  properties.  If  no 
precipitate  cornea  out,  then  these  three  metals  are  probably  absent,  and  some  fret h 
ion  capable  of  precipitating  another  set  of  positive  ions  is  introdnced  (see  Chap, 
xxxvii).  Thus  by  a  pruccsH  of  elimination  we  (juickly  find  out  whether  any  metal 
ion  in  present,  and,  if  so,  precisely  which  one  it  is, 

The  language  of  analysis  is  fretniently  somewhat  hiose.  Tbu-s  we  speak  of  the 
addition  of  a  silver  salt  to  a  solution  as  being  a  "  test  for  chlorine."  As  a  matter  of 
fact,  it  is  not  a  test  for  chlorine.  It  m  not  intended  as  a  test  for  fi'ee  chlorine, 
nor  will  it  show  the  presence  of  chlorine  in  many  states  of  combination.  It  is  simply 
a  test  for  ionic  chlorine  (C!'),  and  cannot  give  us  information  in  regard  to  the  presence 
or  absence  of  any  other  form  of  the  element.  So  the  wet-way  tests  for  "  copper," 
"silver,"  etc.,  so  called,  are  tests  for  the  ionic  forms  of  these  elements,  and  not 
for  the  presence  of  the  element  in  every  form.  Even  the  two  kinds  of  copper  and 
mercnry  ions,  Cn",  Cu',  Hg",  Hg*,  must  be  clivwed  as  distinct  subsianeea.  Thus, 
the  liiHt  is  precipitated  by  chloridion  while  the  second  last  is  not,  mercuric  chloride 
(HgCI,)  being  soluble. 
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HydrolyHlii  »f  Snttg.  —  The  natural  ionization  of  water  is  very 
slight,  but  there  are  cases  in  which  its  effects  become  noticeable,  and 
the  interaction  of  its  ions  with  those  of  dissolved  salts  cannot  be  neg- 
lected. For  example,  an  aqueous  solution  of  pure  cuyric  sulphate  is 
always  aoid  and  therefore  contains  bydrion  : 

CuSO,fciSO/'+Cu"  /      „„rt„,   ,,.    ,,, 

Cnpric  hydroxide,  being  a  very  feeble  base,  and  comparable  with  water 
itself  in  the  small  extent  to  which  the  solvent  is  able  to  hold  its  ions 
apart,  is  formed  to  a  small  extent.  The  removal  of  soma  hydroxidion 
by  this  means  enables  more  of  the  water  to  dissociate.  This,  in  turn, 
furnishes  the  material  for  the  production  of  more  cupric  hydroxide. 
The  action  does  not  proceed  very  far,  but  it  makes  sufficient  progress 
to  leave  a  perceptible  excess  of  hydrion  in  the  liquid  and  to  give  it, 
therefore,  an  acid  reaction.  The  hydrion  combines  slightly,  but  only 
slightly,  with  the  siilphanion,  for  sulphuric  acid  is  a  highly  ionized 
acid.  This  part  of  the  action  has,  therefore,  been  left  out  of  the  dia- 
gram.    The  ordinary  equation  for  this  change  would  be : 

CuSO,  +  H,0  ti  f'u(OH)s  +  HjSO,. 

The  hydrolysis  is  much  greater  with  sodium  sulphide  {<j.i'.}  and  aBti- 
mony  trichloride  (y.i'.). 

Again,  soap  solution  is  always  faintly  alkaline : 


C„HaiCOjNa 


Na  +f 

K,0!=;OH'  + 


uH„CO.' 
II* 


h 


HCi,H„  CO,  (diss'd). 


The  sodium  palmitate  is  highly  ionized,  but  palmitic  acid  (Hr^HjiCO,) 
is  hardly  ionized  at  all.  The  final  result  is  the  production  of  a  recog- 
nizable amount  of  hydroxidion  in  the  solution.  Thus,  a  salt  derived 
from  an  acid  and  a  base  of  very  different  degrees  of  activity,  whether 
it  is  the  base  (as  Cu(On)j)  or  the  acid  (as  palmitic  acid  or  hydrogen 
sulphide,  q.v.)  which  is  the  weaker  member,  is  likely  to  be  more  or 
less  hydrolyzed  by  water.  In  the  former  <^ase  the  solution  is  acid,  in 
the  latter  basic  in  reaction.  Other  things  being  equal,  salts  containing 
bivalent  or  trivalent  ratlieals  are  more  noticeably  hydrolyzed  than  at© 
those  composed  only  of  univalent  radirals. 

Cases  of  this  kind  being  common,  we  are  thus  compelled  to  enlarge 
our  list  of  poisible  oompoDenta  in  the  aolutiona  of  aoy  talt.      In  addU 
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ti<m  to  the  moleeates  acd  ioos  of  the  salt,  there  are  present,  water  «nd 
its  ions,  and  the  molecules  of  the  base  aad  acid  fonued  by  the  nnioD 
of  the  latter  ions  with  the  former.  There  are  thus  no  less  than  ei^ht 
different  etnnfion^iU-t  is  the  mixture. 


Acn>H  AX»  Basks  ajto  Thkik  Double  I>Bcoif  rosmox  with  Salts. 

Hydrogen  Salt*.  —  The  sabstanoes  of  the  composition  HCl, 
HjSO„  and  so  forth,  are  commonly  called  acids,  and  when  more  con- 
venient we  shall  conform  to  this  usage.  But  it  is  only  when  they 
hare  been  dissolved  iu  water  or  some  other  ionizing  solvent  that  they 
show  the  properties  characteristic  of  acids.  In  fact,  in  terms  of  the 
ionic  hypothesis,  there  is  onlj'  one  acid,  hydrion  (U'),  although  the 
slUMtaDoes  which  give  it  by  dissociation  are  many.  The  parent  sub- 
Btaaees  are  salts  of  hydrogen,  iu  which  the  element  hydrogen  plays 
tho  part  of  a  metal 

The  properties  of  the  hydrogen  salts,  that  is,  of  the  original  iono- 
gens,  are  the  same  as  those  of  any  other  iunogens.  They  are  distin- 
golBhed  fTom  otlier  ioDogens  bj  the  tact  that  their  poaitive  radical 
i*  always  hydrogen  and  that  in  Bolatlon  they  yield  hydrion.  Their 
negative  radicals  are  all  different,*  '1,  Br,  1,C1(_>„  (-'l(.t^  Brt>„  ^*0„  and  so 
forth.  These  radicals  form  the  negative  ions  in  solutions  of  hydrogen 
salts.  In  such  solutions  all  the  properties  of  these  ions  are  the  same 
as  when  they  are  furnished  by  dissolving  other  salts  containing  the 
same  radicals.  Borne  bydrogeo  salts  have  oxidizing  powers  tike  hypo- 
chlorous  'acid  (p.  269).  Usually,  they  exchange  radicals  with  the 
other  lonoeens.  They  often  do  this  even  when  dissolved  in  non-dis- 
sociatiog  solvents.  They  frequently  do  it  also  in  the  alisence  of  a 
solvent,  especially  when  heate<L  They  differ  from  one  another  in  the 
matter  of  solubility  in  water,  some  being  almost  insoluble.  By  solu- 
tion in  water  they  give  acids  of  very  different  degrees  of  activity  (see 
Activity  of  acids,  below), 

Hjfdrion,  —  Hydrion  is  a  colorless  substance  which  eziMa  in  water 
and  certain  other  solvents  only.  It  is  always  associated  with  an  equiv- 
alent amount  of  some  negative  ion.  It  is  sour  in  taste,  and  its  pres- 
I  is  recognijEed  by  the  fact  that  it  turns  blue  litmus  red  and  decolor- 

i  pink  phenolphthaleiu  (see  Indicators,  below)  solutions.  It  confers 
a  high  conducting  power  upon  solutions  in  which  it  is  contained,  on 
account  of  its  great  speed  of  migration.     It  is  univalent  and  combines 
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witli  uegative  ions,  such  as  hydrox^'l  and  the  negative  radicals  of  salts 
It  is  displaned  by  metals  like  magnesium.  In  all  these  respects  it  differs 
markedly  from  free  hydrogen  gas. 

The  displacement  of  hydrogen  from  dilute  acida  (p.  96)  now  ap- 
pears in  a  new  light.     The  action  will  be  formulated  thus : 


Zn  +  2H'  +  SO/'  ->  2ii"+  S0/'+  H,. 

The  aulphauion  (SO/') ,  although  zinc  sulphate  is  somewhat  less  ion 
ized  than  sulphuric  acid,  is  not  much  affected  by  the  change  and  may 
be  omitted ; 

Zn  +  2H*-vZn'"+H,. 
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Thus,  this  action,  which  takes  place  in  the  same  fashion  with  most 
acida,  is  seen  to  be  independent  of  the  nature  of  the  uegative  ion.  It 
consists  simply  iu  the  transference  of  the  electric  charges  from  the 
hydrogen  to  the  zinc,  whereby  the  latter  becomes  ionic.  The  dis- 
charged hydrogen  is  liberated  aa  gas.  When  the  solution  is  evapo- 
rated, the  iouogen,  in  the  above  case  zinc  sulphate,  is  formed : 

Zii"+SO/'-»ZnS0,. 

JHodcM  of  Ionization  of  Actdit.  —  An  acid  containing  but  one 
unit  of  hydrogen  in  its  molecule  can  give  hut  two  kinds  of  ions. 
Thus,  chloric  acid  gives  only  H'  and  CIO/.  When  more  than  one 
hydrogen  unit  is  present,  however,  more  than  two  kinds  o£  ions  are 
formed.  Thus,  sulphuric  acid,  HjSOi,  protluces,  in  the  first  place,  hydro- 
sulphanion : 

HjSO,  ^H'  +  HSO/. 

The  latter  is  also  an  acid,  but  is  considerably  less  wtivt;  than  sulphuric 
acid.  Hence,  the  further  dissociation  of  this  iou  (HSO/^  H'-|-  SO/') 
lags  considerably  behind  the  primary  dissociation.  In  concentrated 
solutions  of  the  acid  there  is,  therefore,  much  HSO/  present.  In  very 
dilute  solutions,  however,  SO/'  predominates.  We  know  that  HSO/ 
is  a  weaker  acid,  and  is  dissociated  with  greater  difficulty  by  water, 
because  acid  salts  (see  below),  like  KHSO^,  which  give  this  ion,  are 
much  weaker  acids  than  are  acids  like  HCl  and  HCIO,,  with  which 
the  siib.stance  HSO/  might  fairly  be  compared.  This  behavior  is  not 
peculiar  to  sulphuric  acid,  but  is  shown  by  all  acids  containing  more 
than  one  hydrogen  uuit  in  the  molecule  (ef.  Hydrogen  sulphide). 
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TBE  CHK)UCAI.  BEHATK>8  OT  IONIC   Sl'BSTASCCS 

0f  Acids.  —  la  solatioas  tartMiing  •qvinJmt  qwntiliM 
of  hydiogtiu  flftlts,  asd  therafara  eqaJ  UMWBts  of  MaUoMU  hjrdrQgwf^ 
ia  «qa*l  votuines,  the  coacentration  of  krdrioB  prasMil  at  taxy  mommtt 
m  tmtii  will  be  diffteent.  This  eoBMnlTakkM  vill  be  higb  or  knr 
aoeording  to  tlie  extent  to  vkkli  vafeer  is  able  to  diaaoeiate  the  nol^ 
cides.  Nov-  tb«  actiritr  of  the>  hrdrSoa,  that  is,  the  speed  with  whiok 
it  will  interact,  like  that  of  auj  otlMr  aubstanre^  depends  on  its  coo- 
oentzatiorB  (p.  2501  Heoee  tiie  bydrogen  8«lts  furnish,  on  Wini;  ili»- 
aolTed,  acids  of  all  degrees  of  actiritv.  Thua  in  normal  hviirochlone 
afCid,  the  fnetion  di^ociated  is  0.7S.  and  th«  hvdrion  is  iXT^^normal. 
wbeieas  in  Qormal  acetic  acid  the  hrdrioo  is  only  O.I.KV|-nom)«l 
(p.  330).  Tet  the  amounts  of  hydrogea  chloride  antt  hrdrot;t>n  ao<>Ute 
per  liter  eontain  equal  quatttitiee  of  eombincd  hjdrogen,  namely.  1  g. 
each.  Both  the  solutions  in  fact  are  normal  in  respect  to  combined 
hydrogen.  But  the  normal  acetic  aoid  hn^  only  about  one  two-huu< 
diedth  of  the  activity  of  normal  hydroi^hloric  acid. 

That  a  differeooe  in  the  activity  of  different  acids  does  exist  may 
be  shown,  roughly,  by  placing  similar  pie<»es  of  t\\v  sjMiie  lUf  t;tl,  sny  tine, 
in  equal  volumes  of  various  normal  solutions  of  acids,  such  its 
hydrochloric,  sulphuric,  and  acetic  The  hydrt»gen  is  pvivIvwI  more 
rapidlj-  by  the  first  than  by  the  second,  and  very  much  luster  by 
either  than  by  the  last.  Naturally,  the  first  is  stHiuer  exlumstwi,  while 
the  third  acts  in  its  slow  way  for  a  very  long  time  liefore  Iwiiig  nil 
used  up.  In  the  third  case  few  ions  of  bydrngeu  are  nt  hmid  iil  any 
one  moment,  but  more  are  formed  continuously  from  the  inolocvtlcs,  to 
take  the  place  of  those  displaced.  Thus  the  total  amount  of  liyilrogou 
obtained  from  each  acid  ia  finally  the  same.  It  is  t/ti>  uprift  of  n'o^i/- 
tion  alotie  which  w  different  and  shows  the  differing  ooncentraliiuis  of 
the  hydrion. 

In  cases  of  extremely  small  ionization,  the  presence  or  nlisenee  of 
visible  action  on  litmus  may  form  another  means  of  esli muting 
activity.  Thus,  litmus  is  easilij  turned  red  by  ft  deci-norniid  solutiim 
of  acetic  acid  or  of  any  more  active  aeid  (p,  .H.'iO),  but,  hydrogen  sul- 
phide, in  a  solution  of  the  same  molecular  conrcntnitiim,  eoutaiiis  only 
one-twentieth  as  many  hydrogen  ions  (p.  .WO),  uiul  iiffects  litmu.s  paper 
but  slightly.  Paper  dipped  in  Congo  retl  exliibita  difTerc^nees  in 
the  activity  of  acids  by  the  difftTeiit  dcjillis  of  tlm  tints  it  assumes. 
For  example,  it  is  much  less  markedly  iitTccl.fd  by  a4'i<lie  than  hy  sul- 
phuric acid  of  the  s^ue  concentration  (see  ludieators,  liehiw), 
y  Many  hydrogen  salts  are  but  slightly  soluble.     Thus,  with  silicto 
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acid  (y.i',),  the  solid  can  keep  only  a  small  concentration  of  molecules 
in  solution:  HjSiO,  (solid)  s^  H^^i'^  (disa'd).  So  that,  although  some 
ions  are  doubtless  present,  H^SiDj  (diss'd)  jz;  2H'  +  SiO,",  their  con- 
centration, being  dependent  on  that  uf  the  molecules,  is  very  minute 
indeed.  Still,  even  in  the  absence  of  an  effect  upou  litmus,  the  aub- 
stanca  can  be  recognized  to  be  an  acid.  Thus,  by  the  action  of  sodium 
hydroxid-o,  silicic  acid  can  be  made  into  sodium  silicate,  NajSiO,,  wbii'h 
is  highly  soluble  and  highly  ionized.  Hence,  since  SiO,"  is  a  negative 
ion,  we  reach  the  conclusion  indirectly  that  H,SiO,  is  an  acid, 

Substances  like  ammonia  NH„  sugar,  and  alcohol,  although  they 
contain  hydrogen,  are  not  hydrogen  salts.  Tbey  are  not  ionogens 
(cf.  p.  281),  and  give  no  liydrion.  louizable  and  non-ionizable  hydrogen 
may  even  be  contained  in  the  same  compound.  Thus,  each  molecule  of 
acetic  acid  (HC,H,Oj)  contains  four  hydrogen  units, but  gives  only  one 
hydrogen  ion.  The  other  three  are  part  of  the  acetanion  (0,11,0/). 
Wc  infer  this  because  metals  can  be  substituted  for  one  hydrogen  unit 
(NaCjHjOj),  but  not  more. 

Salt*  of  Hi/drox.f/L  —  Substances  like  potiiasium  hydroxide,  am- 
monium hydroxide  (NH4OH),  and  zinc  hydroxide  (Zn(OH)j),  are 
commonly  called  bases.  But  it  is  only  in  their  aqueous  solutions  that 
the  lia.sic  properties  appear,  There  is  only  one  base,  namely,  hydroxyl 
(OH'),  and  these  substances  are  simply  the  source  of  it.  The  parent 
8ubstauce3  are  salts  of  some  metal,  or  group  playing  the  part  of  a 
metal  {e.g.  NH^),  in  which  hydroxyl  is  the  negative  ra<lical. 

The  more  active  bases  are  called  alkalies,  sometimes  caustic 
alkalies  and,  individually,  often,  caustic  potash,  and  caustic  soda. 
The  solutions  are  calle<l  lyes, 

Tbe  name  "  baa*  "  was  origiDally  applied  to  the  iinn-volsitlle,  and  therefore  seem- 
ingly more  luiidanieiital  part  of  a.  fialt  that  remained  behind  wlieo  the  suit  whs 
heated.  Usually  the  negsit.ivo  rudiciil  is  diBhitegrated,  jia  hi  lieatiiig  calcium  carbon- 
ate (g.B.).  But,  as  a  uiatter  of  fact,  it  ia  generally  the  oiide  aud  not  the  hydroxide 
of  the  metnl  tliiU  reuiaius.  Still,  tlie  oxide,  formerly  named  the  base,  often  readily 
gives  the  Itydroiide  (cf.  p.  llfl)  of  which  the  term  "  bai«  "  is  now  used,  and  behaves 
almilarly  to  it  in  many  inieraotioTis  {cf.  p.  180). 

The  Baits  of  bydroxyl  have  the  properties  common  to  all  ionogens. 
They  are  distinguished  from  other  Jonogena  hy  the  fact  that  their 
negative  radical  is  always  hydroxyl  and  that  in  aolutloa  they  yield 
hydroxldioD.  Their  positive  radicals  are  all  different,  K,  Na,  NH^, 
Zn,  Cu,  etc.,  aad  constitute  the  positive  ions  of  solutions  of  the  bases. 
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All  the  properties  of  these  ions  in  sucli  solutions  are  the  same  «s 
when  these  ions  are  formed  id  solutiuus  of  salu  eontaining  the  same 
radicals.  Usually  the  salts  of  hjdroxjl  trndergo  double  decompoai- 
tlon  iritli  otlxer  ionogeas,  exchanging  radicala,  ereii  in  alvience  of  a 
solvetit.  Like  hydrogen  salts  (p.  S-tT)  lU«\v  are  ionized  to  different 
degrees  when  in  solutiuas  of  equivalent  c-ouoeittratiou,  giving  solutions 
with  diffcrrnf  concentrations  of  hydrositlion.  Hence,  they  give 
BOlatioiM  of  different  degrees  of  basic  activity. 

The  common  bases,  with  the  exception  of  th<«  hydroxides  of 
potassium,  sodiuni,  barium,  strontium,  calcium,  and  aiujuotuviiu,  are 
but  slightly  soluble  in  water.  Hence,  zinc  hydroxide,  for  example, 
although  it  dissolves  sufficiently  to  enable  chemieat  action  to  taks 
place  slowly,  does  not  give  enough  hydroxidion  at  one  time  U>  affect 
litmus  paper.  Ma^esiiim  hydroxide  and  lend  hydroxide  turn  red 
litmus  paper  blue  with  difficulty,  Doubtless  the  few  molecules  that 
do  dissolve  are  almost  all  ionized  : 

Mg(OH),  (solid)  t5  Mg(OH),  (diss'd)  £5  Ug"  -f-  I'OII', 

bnt  all  the  dissolved  materials  put  together  (0.01  g,  per  1.)  will 
scarcely  be  weigliable  unless  a  considerable  volume  of  the  solution  is 
evaporated. 

H/fdroxidion.  —  Hydroxidion  is  a  colorless  substance  found  only 
in  water  and  certain  other  solvents,  and  is  always  associatwl  with  an 
equivalent  amount  of  some  potiitive  ton.  It  possesses  a  soapy  taste, 
and  turns  retl  litmus  blue  and  colorless  phenolphtlialeiu  pink  (see 
Indicators,  below).  It  confers  great  conducting  power  upon  solutions 
in  which  it  is  contained,  on  account  of  its  speed  of  migration  which  is 
second  only  to  that  of  ionic  hydrogen.  It  is  univalent  and  unites  with 
positive  ions. 

Ionic  Double  Decomponition  and  Pt'tieipitation  of  Acidit  and 
Sa»es. —  Under  this  head,  we  shall  discuss  only  the  interaction  of  a 
salt  with  an  acid  or  base,  reserving  for  a  separate  section,  on  neutral- 
ization, that  of  acids  and  bases  with  each  other. 

When  a  highly  dissociated  add  U  mixed  with  a  salt,  a  reversible 
action  tending  to  form  another  acid  and  salt  is  set  up  (p.  «<i4). 
Such  an  action  Is  that  of  nitric  acid  on  a  hypochlorite  (p.  267)  in 
dilute  solution : 

HKO,  +  KOCl  i=i  KNO,  +  HOCl, 


INORGANIC   CHEMISTRY 


I 


giving  potassium  nitrate  and  hypochlorous  acid.  In  such  a  case,  if 
the  products  are  botli  as  higlily  ionized  as  the  initial  substaiiues,  the 
result  is  similar  to  that  of  the  interaction  between  potassium  chloride 
and  sodium  nitrate  (p.  338).     No  decisive  change  takes  place. 

With  hypoehloroua  acid,  however,  which  is  very  slightly  ionized, 
the  result  ia  different ; 


HNOBt=;NO,'+H'> 


HOCl  (diss'd). 


KOCl  t=f  K*  +  OC 

This  acid  ia  promptly  formed  from  its  ions,  and  the  final  mixture  con- 
tains, mainly,  K',  NO,'  and  molecular  HOCl.  Yet,  since  the  substance 
ia  soluble,  no  outward  evidence  that  the  action  differs  from  that  of 
potassium  chloride  and  sodium  nitrate  is  visible.  The  conductivity  of 
the  mixture  (p.  339),  however,  is  found  to  have  been  greatly  reduced 
by  the  removal  of  half  the  ions,  including  the  moat  rapidly  migrating 
of  the  four,  hydrion  (p.  314). 

When  the  molecules  of  the  resulting  acid  are  insoluble,  then  it  may 
be  precipitated  (r/.  silicic  acid),  after  the  manner  of  silver  chloride 
(p.  340),  or  may  escape  if  a  gas  (cf.  hydrogen  sulphide),  irrespective 
of  its  degree  of  ionization. 

In  the  same  way,  when  a  lalt  and  a  base  are  brought  together,  a 
base  and  a  salt  are  produced.  All  that  has  heea  said  in  the  preceding 
paragraph  applies  to  this  case  also.  Thus  ammonium  hydroxide  (5. i'.), 
which  is  a  feebly  ionized  base  (p.  331),  is  formed  on  this  plan,  by  mix- 
ing solutions  of  an  ammonium  salt  and  a  strong  base 


4 


NH^Cl  +  NaOH  1=;  NaCl  +  NH^OH. 


When  the  resulting  base  is  insoluble,  like  zinc  hydroxide,  it  is  pre- 
cipitated, and  the  action  becomes  nearly  complete  on  this  account  and 
irrespective  of  the  degi-ee  of  ionization. 

It/ni<!  DonMe  HecomponitloH  and  AcHiHty, —  It  is  quite  clear 
that  the  complete  formation  of  acids,  bases,  and  salts  by  precipitation 
is  purely  a  result  of  mechanical  details  concerning  solubility,  and 
shows  nothing  about  the  degree  of  affinity  between  the  constituent 
ions.  Again,  the  union  of  ions  to  form  feebly  ionized  substances  only 
shows  the  tendency  of  the  ionic  materials  to  unite  and  may  be  com- 
plete where  the  free  elements  have  little  mutual  activity,  and  I'U'e 
versa.  Thus,  hydrion  and  hypoehloroRion  (CIO')  unite  almost  com- 
pletely, while  hydrion  and  chloridion  hardly  unite  at  all     Yet  hypo- 
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chlorous  acid  ia  very  unstable,  while  hydrogen  chloride  is  juat  the 
reverse.  Ionic  double  decompositions,  consequently,  give  no  elue  to 
the  activities  of  the  free  materials. 


Neutralizatiost. 

Neutralisation,  —  When  80  per  cent  sulpharic  acid  is  poured 
apoQ  solid  potassium  hydroxide,  much  heat  is  developed  and  clouds  of 
steam  arise.  The  solid  product,  when  freed  from  the  rest  of  the  water, 
is  potassium  sulphate.  The  proportions  of  the  materials  used  and  pro- 
duced are  shown  by  the  equation : 

2K0H  +  H^SO.  t=i  2H,0  \  +  K^O,. 

With  any  other  pair  consisting  of  an  acid  and  a  base,  a  similar  inteiao- 
tion  occurs  {ef.  p.  266),  water  and  a  salt  being  produced. 

A  double  decomposition  between  ionogens  is  always  reversible 
(p.  281),  and  so  we  should  exp«et  that  in  dilute  solution  the  interaction 
of  an  acid  and  a  base  would  be  incomplete.  We  tind,  however,  Uiatthia 
particular  sort  of  action  almost  always  goes  so  near  to  completioo 
tfaat  it  can  be  employed  for  exact  measurement  of  the  qtiantity  of  the 
acid  or  base.  This  kind  of  action  is  called  neutf  alisatlon,  because  both 
acid  and  base  are  completely  consumed,  and  hydrion  and  hydroxyl  are 
alike  impossible  of  detection  in  the  resulting  mixture.  The  solution 
is  aeutial  to  litmns. 

Aeidimetrff  attd  Alkalimetrif.  —  If  the  problem  is  to  ascertain 
the  weight  of  hydrogen  chloride  in  each  liter  of  a  specimen  of  hydro- 
chloric  acid,  this  can  be  done  by  neutralizing  a  measured  portion  of 
tliis  acid  with  a  solution  of  an  alkali  of  known  concentration.  The 
volume  of  the  latter  which  is  required  for  the  purpose  is  obeerved.  If 
the  alkali  is  sodium  hydroxide,  the  action  taking  pUce  is ; 

Ha  +  NaOH  -,  H,0  -f-  NaCL 

The  volume  of  acid  is  measured  out  inb]  a  beaker  by  means  of  » 
pipette  (Ptg.  82)  of  fixed  capacity,  which  is  filled  fay  suction  to  the 
mark  on  the  stem.  Suppose  the  amount  to  be  25  c.c  The  standard 
{ef.  p.  236)  alkali  solution  ia  placed  in  a  burette  (Fig.  83j>,  which  is 
filled  down  to  the  tip  of  the  nozzle.  A  few  drops  of  litmus  solution 
are  now  added  to  the  acid,  and  the  alkali  is  allowed  to  run  in  slowly. 
After  a  time,  the  hydroxidion  which  this  introdooea  wiU  begin  to  |ho- 
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diice  a  blue  color  close  to  where  the  stream  enters  the  liquid.     This  is 
at  first  dissipated  by  stirring,  and  the  whole  remains  red.     Finally, 

however,  a  point  is  reached  at  which  the  entire  solution  assumes 

a  tint  intermediate  between  blue  and  red.     With  one  drop  less 

of  the  base,  it  is  distinctly    red.     With   one   drop   more,  it 

would  become  distinctly  blue.     Litmus  paper  of  either  shade 

dipped  in   this   neutral    solution  remains    unaffected.     It   is 

needless  to  say  that  the  acid  might  have  been  added  to  the 

base  with  the  same  final  result. 

The  standard    solutions   used    in    tins   work  are  usually 

normal,  and  contain  otie  equivalent  weight  of  the  alkali  or 

acid  in  one   liter  of  the  solution.     For  more  delicate  work^ 

deci-normal     solutions 

luay  be  employed.    The 

concentration   of    such 

a  solution  is  called  its 

titer,  and  the  operation  r'^gfc 

of  neutralizing  another 

Holution   by  means  of 

it,  titration.   The  value 

of  standard    solutions 

lies   in   the  fact  that 

when  once  the  solution 

has  l>een  prepared,  and 

the  exact  concentration 

adjusted   by   quantita- 
tive   experiments,    its 

use    does    not   require 

any  weighing,  and  the 
measurements  of  volumes  can 
be  carried  out  with  great  rapid- 
ity. A  process  involving  weigh- 
ing need  not  again  be  under- 
taken until  the  stflck  of  the 
standard  solution  is  e>diausted. 
The  calculation  of  the  result 
is  also  simple.  One  liter  of 
Donnal  alkali  contains  17  g.  of 

available  hydroxy],  aTid   one  liter  of  normal   acid  1  g.  of   available 
hydrogen.     Equal  volumes  of  normal  solutions  will  therefore  exactly 
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neutralize  one  another,  18  g.  of  water  being  formed  bj  interaction  of 
a  liter  of  eafih.  If,  for  the  neutralization  of  the  25  c.c.  of  hydrochlo- 
ric acid  used  above,  60  c.c.  of  normal  alkali  are  required,  the  acid  is 
twice-normal  (2X).  When  15  c.c,  are  required,  the  acid  is  J  j  or  J  N. 
If  the  actual  weight  of  hydrogen  chloride  in  the  latter  case  has  to  be 
calculated,  we  remember  tliat  there  are  36.45  g.  of  the  compound  in 
1 1,  of  a  normal  solution,  and  therefore  36A5  X  J  X  t88c  tJ-  —  5.4(i0  g. 
in  25  CO.  of  one  which  ia  j  normal. 

Methods  of  quantitative  analysis  in  which  standard  solutions  (rf. 
pp.  148,  236,  307)  are  employed  ai'c  kuowu  as  volumetric  methods,  and 
are  much  used  by  analysts  and  investigators.  They  occupy  much  less 
time  than  gravimetric  operations,  in  which  numerous  weighings  have 
to  be  made,  and  are  often  just  as  accurate.  The  substances,  like 
litmus,  by  whose  change  of  color  the  completeness  of  the  action  ia 
made  known,  are  called  indicators  (see  below). 

Hiearff  of  Tfeutmlizafinn.  —  The  neutral  mixture  of  the  acid 
and  base  gives  no  evidence  of  the  presence  either  of  the  hydrogen  ions 
or  of  the  hydroxyl  ions.  The  characteristic  tastes,  and  actions  upon 
indicators,  of  these  two  ions,  and  the  interaction  of  the  former  of  the 
two  with  metals  like  magnesium,  are  all  wanting.  That  this  is  due, 
not  simply  to  two  opposing  influences  having  destroyed  each  other's 
effects,  but  to  a  real  disappearance  of  the  agencies  themselves,  may  be 
demonstrated  by  showing  that  the  total  number  of  ions  is  very  much 
smaller  in  the  mixture  than  in  the  two  substances  taken  separately. 
The  trough  (Fig.  81,  p.  327)  is  half-filled  with  a  dilute  solution  (say,  N/4) 
of  some  active  acid,  such  as  hydrochloric  acid.  An  equal  volume  of 
a  N/4  solution  of  some  soluble  base,  such  as  sotlium  hydroxide,  is 
then  allowed  to  flow  in,  below  the  acid.  On  completing  the  circuit  we 
find  a  considerable  deflection  of  the  amperemeter  (say,  1.5  amperes). 
When  the  interaction  ia  now  brought  about  by  stirring,  a  very  great 
fall  in  the  reading  (say  to  0.5  amperes)  is  observed.*  The  only 
plausible  explanation  is  th.at,  not  only  have  many  of  the  ions  assumed 
a  molecular  form,  but  those  which  have  .suffered  in  this  respect  have 
been  the  most  rapidly  moving  and  best  conducting  ones,  namely,  the 
hydrion  and  hydroxidion. 

"  The  eiperiuient  may  be  made  more  striking  by  adding  a  few  drops  of  phenol, 
plithalgin  solution  to  ttte  acid  and  u»iii<;  a  minute  excess  of  tlie  base.  To  prevent 
the  appearatiee  of  a  pink  laj'er  at  Hie  interface,  and  before  tlie  stirring,  a  thin  layer 
of  nodium  cliloride  soiittiou  may  be  introduced  below  the  acid,  before  the  layer  of 
the  baae  is  added. 
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The  general 

follows : 


plan   of  all  mteractioiie  of   anids  and  bases  is  ad 


HCli=fCl'  +H' 
NaOHt^Na'+OH' 

ir,  IT 

NaCl  H,0 


^ 


The  ionization  of  the  hydrochloric  acid  reaehes  0.785  in  a  normal 
solution,  and  goes  further  wheu  the  add  is  diluted  with  the  water  of 
another  solution.  That  of  the  sodium  hydroxide  similarly  goes  beyond 
0,73.  Thus  the  initial  substances  are  almost  entirely  ionic.  The 
crosswise  union,  H' +  OH' iz;  H^O,  however,  is  all  but  complete,  for 
water  is  hardly  ionized  at  all  (p.  331).  The  materials  on  whose  inter- 
action with  the  CV  and  Na',  respectively,  the  maintenance  of  mole- 
cules HCl  and  JfaOH  depends,  being  thus  removed,  the  dissociation  of 
the  acid  and  base  promptly  brings  itself  to  completion,  and  the  left 
sides  of  the  equations  vanish.  Fractieally  all  the  hydrion  and 
bydroxyl  become  water.  The  CI'  and  Na',  however,  if  the  solution  is 
now  semi-normal,  unite  to  the  e.ftent  of  0.^66  only  (p.  331).  If 
it  is  more  dilute,  this  unioo  forms  a  still  smaller  factor  in  the  whole 
change.  Practically  it  is  negligible.  Now  all  that  has  been  said  of 
tliis  acid  and  base  will  apply  mutittla  mutitntli*  whenever  any  active, 
highly  ionized  acid  and  base  come  together.  Thus  we  may  write 
one  simple  equation  for  all  neutrallzatioas  of  active  aoidt  and  btwei : 

H'  -I-  OH'  -^  njo, 

without  omitting  anything  essential. 

The  ions  of  a  salt  are  always  left  over  from  the  main  action,  and 
may  be  brought  together,  in  turn,  by  evaporation  (cf,  p.  341), 


The  equations  as  commonly  written  : 

NaOH  +  HCl  -»  NaCl  -f  H,0, 
8NaOH  +  H^O,  — >  Na^SO,  +  2H,0, 


4 


apply  to  the  inlera«tionB  when  water  is  absent.  U  used  for  nentralization  In 
dilute  solution,  it  must  be  understood  thai  they  condense  two  changes  into  one 
equation.  The  formation  of  water  comes  first,  that  of  the  salt  afterwards.  Some- 
tiiuei  neiitralizat  ion  is  whoSIy  misconstrued  by  tbe  supposition  being  made  that  it 
occurs  iQ  consequeoce  of  a  great  tendency  to  salt  formation. 

It  will  be  seen  that  neutralization  is  the  precise  reverse  of  hydroly- 
sis (pp.  181,  344).  The  former  being  almost  always  nearly  complete, 
the  latter  must  be,  as  a  rule,  very  slight. 


J 
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ImMeMor*.  —  Indieaton  am  smbstances  which,  in  presenc*  of 
iwitiiiii  other  sabetances,  asstime  a  rttf  deep  color,  or  change  sharply 
itiom  one  deep  color  to  another.     Thus,  phenol  phthaleio  (p,  .149)  is 
t  colorless  in  presence  of  acids  {i.e.,  hydrion'*,  and  red  (when  dilute 
'  pink)  in  presence  of  alkalies  (i.e.,  hvdroxidion).     Litmus,  again,  is  red 
wiUi  acids,  and  blue  with  alkaliesw    The  change  of  color  depends  u{>on 
a  chemical  interaction  in  each  case,  but  since  indicators  are  chosen  for 
their  stroug  coluration,  the  quantity  of  the  acid  or  luise  used  up  in  chang- 
ing the  tint  of  the  trace  of  the  indicator  is  so  small  as  to  be  negligible. 
The  common  indicators  are: 

Fbenolplithaliiii,   C„H,<,0,.  a  colorless  substance  and  very  feeble 
acid.     It  is  not  perceptibly  dissociated  into  its  ions : 

C„H„0«  (colorless)  tj  C„H,0,'  (red)  +  H", 

and  in  neutral  or  acid  solutions  is,  therefore,  without  visible  color. 
When  a  base  is  added  gradually  to  an  acid  containing  some  of  this 
indicator,  the  acid  is  first  neutralized.  Then,  and  not  till  then,  the 
^^ft.alightest  excess  of  hvdroxidion  unites  with  the  trace  of  hydrion  from 
^Vthe  phenolphthal^in,  the  above  equilibrium  is  displaced  forwards,  uiid 
r      a  visible  amount  of  the  red  negative  ion  iiji  formed : 

f        Thi 


C„H.oO. (colorless)  t5C,.HA' (red)*  +     »  r.     „n 
NaOH  s=  Na'  +  OH'  *  ^     ' 


H'j, 


This  indicator  shows  the  presence  of  an  excess  of  alkali  most  sharply 
when  the  alkali  is  an  active  one  like  sotUum  hydroxide,  aud  should, 
therefore,  be  employed  only  with  strong  bases.  With  a  weak  base 
like  ammonium  hydroxide,  a  conatderable  excess  must  often  be  used 
before  the  color  appears. 

Utmns  is  a  natund  dyestufi  of  unknown  chcmic-al  structure. 
Doubtless,  however,  one  of  its  colors  is  that  of  the  molecide,  and  the 
other  that  of  the  ion. 

Methyl  orange,  (f'H,)jNC,H,.N  :  N.t',H,SO,Na,  is  a  complex  orffanic 
compound  which  gives,  In  auid  solution,  a  red  aud  iu  alkaline  solution 
a  yellow  color. 

Congo  red  is  the  sodium  salt  of  an  acid  of  complex  structure  (see 
Dyes).     In  neutral  or  alkaline  solutions  it  is  red;  with  acids  it  turns 

*  The  ion  has  this  compoaitioD,  but,  (n  reality,  has  a  different  ohemfcal  Ntruc> 
tare  from  the  corresponding  part  of  the  original  tnoleoule.  An  inteniiU  rtMiri-tiiii^* 
ineiit,  not  representable  In  the  eqnatton,  accampauiee  (he  dUsocintiou.  Tliu  same 
retnark  applies  to  the  other  indicators. 
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blue.  Paper  dipped  in  Congo  red  diifera  from  litmus  paper  in  that  it 
shows  gradations  in  color,  the  blue  being  much  more  distinct  with  an 
aetive  acid  thau  with  a  relatively  weak  one  like  acetic  acid  (p.  347). 
Litmus  paper  is  equidly  red  with  all  acids  save  the  very  feeblest. 

Some  special  indicators  have  been  mentioned.  Thus,  starch  emul- 
sion is  used  for  recognizing  tlie  presence  of  traces  of  iodine  (p.  235). 
Potassium  permanganate  is  itself  so  strongly  colored  that  it  is  its  own 
indicator  (p.  307). 

NentraUzatloH  of  Little  lonixrd  Sitbittaucea,  —  When  concen- 
trated solutions  are  employed,  or  acids  ;uid  bases  which  are  but  little 
ionized  are  iuvolved,  the  mechaoism  of  the  change  is  still  the  same  in 
all  respects.  The  only  difference  is  that,  since  the  acid  or  base  is  not 
fully  ionized  to  start  with,  its  molecules  must  dissociate  progressively, 
in  proportion  as  tbe  hydrogen  ions  pass  into  combination.  All  the 
hydrogen  and  hydroxyl  capable  of  forming  ions  will  pass  througii  tliat 
stage  and  ultimately  become  water  before  the  solution  can  reach  the 
neutral  condition. 

From  this  it  will  be  seen  that  the  aEtiviti/  of  acids  and  bases  cannot 
be  measured  by  the  /piaiifiti/  of  base  or  acid  required  to  neutralize 
them.  The  full  amount  required  by  the  equation  is  always  needed 
in  every  case.  This  is  because  neutralization  uses  up  the  hydrion  or 
hydroxidion  at  once,  and  so  permits  the  rapid  generation  of  a  fresh 
supply.  The  concentration  of  one  of  these  ionic  materials  can  only  be 
measured  by  some  action  which  uses  it  up  slowly  or  not  at  all,  so  tliat 
ionic  double  lieeompositiotis  are  excluded.  In  the  action  of  metals  on 
acids  (p,  347)  and  in  determining  conductivity  (p.  325)  the  consumption 
of  the  ions  is  slow,  and  hence  the  measurement  can  be  made  in  these 
cases.  Actions  which  consume  no  ions  at  all  are  also  known,  and  are 
used  in  measuring  activity  (see  Carbohydrates  and  esters). 

When  the  acid  or  base  is  but  little  soluble  in  water,  as  when  zinc 
hydroxide  is  treated  with  a  dilute  acid,  one  other  link  is  added  to  the 
network  of  equilibria.  The  acid  proceeds  to  intei-act  with  the  small 
dissolved  part  of  the  base.  As  this  is  disposed  of,  solution  goes  on 
progressively,  and,  through  a  train  of  equilibria: 

Zn(OH),  (solid)  ±5  Zn(OH),  (diss'd)  ^  Zn"-|-  20H', 

the  supply  of  hydroxidion  is  maintained  until  all  the  molecules  of  the 
base,  solid  and  dissolved,  are  used  up  and  the  action  is  completed. 
Heating  hastens  these,  as  it  does  all  other  changes. 
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If  acid  and  base  are  alike  iasolubk,  it  is  beat,  if  the  production  of 
the  salt  is  the  ultimate  object,  to  fuse  the  materials  togethei-  at  a  iiigh 
temperature. 

TJiermochemifttry  of  Neutral ization,  —  The  above  interpreta- 
tion of  the  phenomena  of  neutralization  is  confirmed  by  many  facta. 
Thus  a  considerable  amount  of  heat  i.s  liberated  in  neutralization. 
Now,  when  active  acids  (p.  347)  and  baaes  (p.  349)  in  dilute  solution 
are  concerned,  it  is  found  that  the  quantities  of  heat  for  the  neutraliza- 
tion of  the  same  amount  of  hydrioo,  or  Lydroxidion,  are  always  the 
same,  namely,  13,700  ca).  for  equivalent  weights.  If  the  action  con- 
sisted primarily  in  the  formation  of  a  different  salt  from  every  pair, 
we  should  expect  the  heat  liberated  to  be  different.  Thus,  the  heats  »jt 
formation  of  dry  potassium  chloride  and  dry  sodium  iotlide  are  10,120 
cal.  and  7030  cal.,  respectively.  But  the  heat^  of  formation  of  their 
solutions  by  neuti-alizing  the  proper  acids  and  bases  are  identical.  If, 
however,  in  such  cases,  neutralization  consists  always  simply  in  the 
formation  of  water,  we  should  expect  the  quantities  of  heat  liberated  to 
be  identical,  as,  iu  fact,  they  are : 

H*  -(-  OH'  -H.  Kfi  -f  13,700  cal. 

We  nre  conflrmed  in  these  conchislona  when  we  employ  concentrated  aolutions, 
or  use  less  completely  ionlxed,  or  Insoluble  acids  and  basen  for  Deutralvzation.  With 
•tichaubBUnoes, — and  tliey  are  in  tiie  majority, — theiieatsof  iicutralization  are  not 
alike,  but  ditfereut  in  every  caae.  Thus,  for  dilate  solutioim  of  sodium  hydroxide 
and  hydrofluoric  acid,  the  latter  a  slightly  ionized  soluble  acid,  the  therniocheniiBal 
equation  is  as  follows : 

NaOH  +  HF  -♦  H,0  +  NaF  +  16,270  cal. 

Since  the  sodium  fluoride  is  fully  ionized,  the  only  difference  between  this  case  and 
the  preceding  one  Is  that  the  hydrogen  fluoride  is  largely  In  the  motecutar  condi- 
tion to  start  with,  and  that  here,  iti  addition  to  tiie  tinioii  of  hydrogen  and 
liydroxyl  ions,  we  liavc  a  continuous  disjiodiation  of  the  hydrofluoric  acid  accom- 
panying the  neutralization.  Tlie  fact  thiit  here  tl;e  lie:it  produced  is  much  greater 
tlinn  before,  shows  that  the  dissociation  of  this  acid  Is  associated  with  the  prcxiuc- 
tion  of  heat  (cf.  pp.  280,  330).  Wheu  the  same  base  is  used  with  hypochlorous  acid, 
the  divergence  is  in  precisely  the  opposite  direction  and  about  the  same  iu  amount: 

NaOn  +  HClO  — *  H,0  +  NaClO  +  9840  cal. 

Here  again  the  salt  produced,  sodium  hypochlorite,  is  fully  ionized,  go  that  thedim- 
iniiihed  evolution  of  heat  tnuflt  be  due  to  tim  fact  that  the  feebly  ionized  hypochlo- 
roui  acid  absorbs  part  of  the  heat  of  ut>utriiiization  in  passing  into  the  ionic 
condition.  Applying  this  to  bases,  ^e  find  that  the  neutralization  of  ammonium 
hydroxide,  a  feebly  ionized  base,  with  any  active  acid,  gives  a  beat  of  ueutraliza^ 
(ion  below  the  normal ; 
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NH.OH  +  HCl  ^  H,0  +  XH.C1  +  12,200  caL 

Htm  agatn  the  salt  praduead  ia  fully  ionized.     Thus  the  ioDization  of  tke  ammo- 
lUam  hydroxide  must  bare  oonnuued  au  appiecUble  pan  u(  the  heat  of  neuuaiiza-       j 
lion  which  would  otherwise  have  reacbed  the  normal  figure  of  13,700  calories. 

Volume  Chnnge  in  KeutralizatUin,  —  When  the  volumes  of  the  sola- 
tioiu  of  aelaie  acidi  and  alkalies  are  carefully  measured  before  beiug  uixed,  and 
compared  with  the  volume  of  the  neutral  mixture,  n  contractiou  ia  always  found  to 
hare  occurred.  Wlien  one  liter  of  a  normal  solution  of  each  substance  is  taken  at 
Btartiii^,  trie  volume  of  the  mixttire  {«  alwayi  20  c.c.  greater  than  that  of  the  com- 
poueul  liquids.  W^lieti  leM  highly  ionized  acids  and  ba^es  an.-  ased,  the  alteration 
in  volume  in  irregular,  Htnce  it  \m  aSect«d  by  the  occurrence  of  other  chaugea  than 
the  mere  union  of  bydrioc  aad  bydroxidiou. 


MlXEt>    lONOQEXS    AND    DoTTBLS   SaLTS. 


As  a  rule,  a  univalent  ion,  such  as  chloranion  (ClOg'),  unites  with 
one  kind  of  cation  and  gives  but  one  kind  of  salt  (r/,,  however,  p.  242). 
The  result  is  ffalled  a  neutral  or  normal  aalt,  as  KCIO,  or  NaC'lO,. 
The  acid,  chloric  acid,  is  called  a  monobasic  acid,  lor  its  molecule 
reacts  with  Imt  one  molecule  of  a  ba-se.  The  possibilities  are  more 
numerous,  however,  with  aa  ion  of  higher  valence.     Thus : 


CAaBOSxiTKiif  Hav  Give: 

HjCO,,  the  acid, 
Na,CO,,  a  neutral  salt, 
NaH(."0,,  an  acid  salt, 
NaKCO,,  a  mixed  salt, 


Cu^io:(  Hat  Qrva: 


Ca(OH)j,  the  base, 
CaClj ,  a  neutral  salt, 
Ca(OH)Cl,  a  basic  salt,* 
CaCl(OCl),  a  mixed  salt. 


Carbonic  acid  is  a  dibasic  acid,  and  calcium  hydroxide  adi>acid  base. 
The  last  two  coiuiiounds  of  each  set  are  mixed  lonogena.  Their  char- 
aoteiistic  ib  that  they  contain  more  than  two  kinds  of  radicals  and 
break  up  in  solution,  giving  more  than  two  kinds  of  ions. 

Aeiil  Haltit,  —  The  acid  salts  are  obtained  by  using  half  that  quan- 
tity of  the  base  which  would  be  required  fully  to  neutralize  the  acid,  and 
evaporating  the  resulting  solution  : 

NaOH  +  H,SO,  t*  H,0 1  +  NaHSO,. 
With  a  monobasic  acid,  say  hydrochloric  acid,  this  treatment  gives 
simply  a  mixture  of  the  normal  salt  and  the  free  acid,  and  not  a  single 
substance. 

•  This  partlcalar  basic  $aU  has  not  beejt  isolated  iti  tt  pure  state. 


^ 
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Acid  salts  are  also  formed  by  the  interaction  of  other  salts  with  an 
excess  of  the  acid  (pp.  178,  17(1,  227). 

The  acid  aaltis  intermediate  in  composition  between  the  acid  itself 
and  the  normal  salt.  All  of  the  hydrogen  of  the.  a«id  has  not  been 
displaced  by  the  metal.  It  is  named  an  acid  salt  on  accovmt  of  its 
composition,  but  is  not  necessarily  acid  in  its  reaction  towards 
litmus.  That  depends  on  whether  it's  solution  contains  a  sufBcient 
amount  of  hydrion  to  alTect  indicators,  Imodium  hydrogen  sulphate 
gives  the  ions  Na'  and  HSO/,  but,  even  in  moderately  dilute  solution, 
the  latter  ion  is  further  dissociated  into  H*  and  SO^"  to  a  large 
extent  fp.  346).  Its  solution  is  therefore  acid  intrath.  On  the  other 
hand,  sodium  hydrogencarbonate,  NaH(JO„  derived  from  carlnonic  acid, 
H,CO„  gives  the  ions  Na'  and  H('0/,  and  the  amount  of  hydrion 
formed  by  the  latter  is  too  small  to  be  detected  by  indicators.  This 
acid  salt  gives  therefore  a  solution  which  is  actually  neutral  to  litmus.* 


Basic  ,?«««.  — Corresponding  to  the  acid  salts  we  have  also  basic 
salts,  about  which  stateinents  parallel  to  the  above  might  be  made. 
Thus,  from  sodium  hydroxide  but  one  salt  can  be  formed.  With  lead 
hydroxide,  Pb(OH)j,  however,  the  displacement  of  one  hydroxy  I  by  a 
negative  radical,  without  the  disturbance  of  the  other,  is  conceivable 
and  can  be  achieved.  The  half-<ddoride,  for  example,  is  called  lead 
oxychloride  (Pb(OH)Cl).  The  basic  salts  are  usually  insoluble  in 
water,  and  therefore  as  a  rule  do  not  exhibit  the  basic  reaction  with 
litmus. 

Mixed  fialts.  —  So-called  mixed  salts,  like  sodium-potassium  car- 
bonate KKaCO,,  (see  Silicates),  may  be  obtained  by  half  neutralizing 
the  acid  with  the  calculated  amount  of  one  base  and  then  completing 
the  operation  with  the  other.  Corresponding  treatment  will  give 
mixed  salts  of  a  di-acid  base. 

It  will  be  seen  that  2KNaC0,  is  equivalent  to  K,CO„Na,CO„  and 
that  2CaCl(0Cl)  is  equivalent  to  CacC,Ca(OCI),.  Since  we  have  a-s 
yet  no  general  means  of  determining  the  molecular  weights  of  solids, 
there  is  no  generally  applicable  way  of  deciding  which  formula  is 
preferable  (see,  however,  Bleaching  powder,  p,  266,  and  under  Calcium). 
In  solutions  of  these  salts  the  ions  which  are  found  might  come  from  a 

•  Becatase  of  hydrolysia  (p.  344),  tho  solution  of  the  "neutral"  sa!t,  sodium 
carbonate  Na,CO„  ta  actually  alkaline  in  reaction.  The  terna  "  acid,"  "basic,"  and 
"  neutral,"  appliad  to  salts,  refer  simply  to  the  coin  position  and  ignore  the  behavior. 
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substance  paisessitig  either  of  the  alternative  formulfe,  so  that  no  light 
is  tlirowii  on  the  question  by  this  means,  Thns,  most  comjioumls  of  this 
liiud,  witii  the  exception  uf  acid  and  basic  saits,*  are  considered  to  be 
molecular  compounds  (p.  121))  of  two  salts  and  are  classed  as  double  aalta. 

Dnuble  Saltti.  —  Substances  similar  to  ferrous-ammonium  sulphate 
FeSO4,(NH,),S0^,6HjO,  are  very  numerous.  Beuause  their  formulee 
can  he  written  so  as  to  show  two  complete  salts,  and  benauae  they  are 
easily  formed  by  crystallization  from  a  solution  containing  both  salts, 
they  are  called  double  salts.  In  solution  they  are  resolved  into  their 
constituent  salts,  and  these,  in  turn,  ai'e  ionized.  Almost  always  the 
ai'id  radicals  are  identical  (ssee,  however,  Kainite). 

Each  kind  of  ion  of  a  doul)le  salt  exhibits  its  own  properties,  irre- 
spective of  the  nature  of  the  numerous  substances,  ionic  and  otherwise, 
wliich  are  present.  Hence,  when  a  solution  of  a  particidar  ionic 
material  is  required,  solutions  of  such  bodies  are  often  used  instead  of 
those  of  simpler  ones,  if  for  any  reason  the  substitution  is  convenient. 
The  choice  of  the  complex  compound  must  he  made  in  such  a  way 
that  the  other  ions  shall  not  interfere  with  that  particular  reaction  of 
one  of  them  which  is  in  question. 

The  class  of  bodies  known  as  saltx  of  cnm/jlcx  aindu  {q.v.)  are 
ionized  like  ordinary  salts  and  not  like  double  salts. 


Kinds  or  Ionic  Chemicai^  Change. 


Five  distinct  varieties  of  chemical  change  are  characteristic 
of  ionic  materials.  These  are  :  (1)  Disunion  or  combination  of  ions, 
(2)  displacement  of  the  material  of  one  ion  by  another  substance,  {H) 
destruction  or  formation  of  a  compound  ionic  material,  (4)  change  in 
the  charges  of  two  ionic  materials,  (5)cliarge  or  discharge  of  two  ionic 
materials,  electrically.  Every  one  of  these  kinds  of  action  has  been 
illustrated,  some  of  them  very  frequently,  in  the  present  and  foregoing 
chapters. 

DiaunioH  and  Combination  of  Ions,  —  This  sort  of  change  is 
illustrated  every  time  an  ionogeu  is  dissolved  in  water  (disunion)  or  a 
solution  of  such  a  substance  is  evaporated  (combination).     Both  of  the 

•  Tlie  (ormuliE  of  basic  salts  even  are  often  written  ax  if  they  were  molecul»r 
eompoiinda,  om  Cu(0[I)^CuC1j,  or  even  CuO.CuCl,,  H,0,  in  place   of    Cu 
(tee  Copper). 
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ilirRctions  of  this  sort  of  nhM,tige  occur  also  to  a  greater  or  less  extent 
whenever  solutions  of  two  ionogens  are  mixed.     In  the  latter  uase  : 

(1)  Two  salts  give  two  salts  (pp.  337-341). 

(2)  An  acid  atul  salt  give  a  salt  and  an  acid  (p,  349). 

(3)  A  base  and  salt  give  a  salt  and  a  base  fp.  350). 

(4)  An  acid  and  base  give  water  and  a  salt  (tietitralization). 

(1)  ia  complete  onlj'  when  at  least  one  product  is  insoluble.  (2) 
and  (3)  are  complete  when  at  least  one  pro<Uict  is  little  ionized  or 
insohible  or  both.  (4)  is  almost  always  complete  because  water  ia 
generally  less  ionized  than  any  other  substance  in  the  system. 


Dlitplacemetit  of  One  Ion :  Electromotive  Serteit  of  the  Metalg. 

—  When  2inc,  aluminium,  and  other  metals  are  placed  in  a  dilute  acid, 
hydrogen  is  liberated  (pp.  95  and  346) : 

ZiH-2H*-.Zn"  +  H3. 

This  action  takes  place  with  all  acids,  because  it  concerns  in  reality 
only  the  hydrion  in  the  solution.  Its  speed  for  any  one  metal  depends 
on  the  concentration  of  hydrion  (p.  347).  Similarly,  fluorine  displaces 
chlorine  from  chloridion  (p,  342),  chlorine  displaces  bromine  from 
bromidiou  (p.  228) : 

Clj+SBr'  — 2C1'4-Br,, 

and  bromine  displaces  iodine  from  iodidion  (p.  236).  Each  of  these 
actions  is  indefiendent  of  the  nature  of  the  other  ion  which  accompa- 
nies the  one  undergoing  change. 

The  same  sort  of  displacement  occurs  with  all  positive  ions.  Thus, 
zinc  will  not  only  displace  hydrogen,  but  also  other  nietalHc  elements, 
like  iron,  lead,  copper,  and  8ilver,from  tlie  ionic  condition  in  solutions  of 
their  salts.  Lead,  in  turn,  will  displace  copper  and  silver,  but  not  zinc  or 
iron.  Copper  will  displace  silver.  Thus  the  metals  can  be  set  down 
in  an  order  such  that  each  metal  displaces  those  following  it  in  the 
list  and  is  displaced  by  those  preceding  it.  This  list  (see  next  page) 
ia  known  as  the  «lectromotiTe  Beiiea  of  the  metals,  because  in  electro- 
lysis of  normal  solutions  of  their  salts,  the  electromotive  force  of 
the  current  required  to  deposit  each  metal  (rf.  p.  324)  is  less  than 
that  for  the  metal  preceding  in  the  list  (see  Electromotive  chemis- 
try). 

This  list  embodies  many  facts  in  the  behavior  of  the  metals,  aiul 
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should  be  kept  in  mind  as  furnishing  a  key  to  the  actions  in  which  a 
fi'ff  metal  is  used  or  produced.  For  example,  the  chemical  activity 
of  tlie  free  metals  places  them  iu  the  same  order.  The  earliest  ones 
rust  much  more  readily  in  air  than  do  the  later  ones.  Those  following 
copper  do  not  rust.  Conversely,  the  oxides  of  the  metals  down  to 
and  including  manganese,  when  heated  in  a 
stream  of  hydrogen,  may  give  lower  oxides,  but 
are  not  completely  reduced.  The  oxides  of  cad- 
mium and  succeeding  metals  are  easily  reduced. 
The  oxides  of  mercury  and  the  last  four  metals 
are  decomposed  by  heating  aloue.  The  relations 
of  the  metals  in  respect  to  combination  with 
elements  other  than  oxj'gen  are  similarly  ex- 
pressed by  the  arrangement  in  this  table. 

The  position  of  hydrogen  is  particularly  sig- 
nificant. It  will  be  noted  that  noue  of  the  metals 
preceding  hydrogen  are  found  free  in  nature  as 
ordinary  minerals,*  while  all  of  the  metals  suc- 
ceeding hydrogen,  although  occurring  to  some 
extent  in  combination,  are  found  also  free.  The 
explanation  of  this  is  that,  by  prolonged  action 
upon  ordinary  water,  citutaining,  as  it  must,  car- 
bonic acid  and  other  sources  of  hydrogen  ions, 
the  metals  preceding  hydrogen  must  eventually 
displace  hydrion  and  pass  into  some  form  of 
combination  (cf.  p.  34fi).  The  metals  following 
hydrogen  do  not  displace  hydrion  and  are  njuch 
less  affected  by  the  agencies  whicJi  are  most 
active  in  the  chemical  transform.ition  of  minerals. 
Hence  they  often  remain  in  the  free  state. 
The  negative  Ions  can  be  arranged  in  order  in  a  similar  way.f 


Electbomotivk 

Sebies  of  the 

Metals. 

Alkali  inetiils  (q.v.) 
Alkaline  enrth 
nietaJe  {q.v.) 
Magnesium 
Ahimiiiium 
MsiiganeKe 
Zinc 

Chromium 
Cadmium 
Iron 
Cobalt 
Nickel 
Tin 
I>earl 

Hydrogen 
Arsenic 
Copper 
Antiin'juy 
Bismuth 
Mercury 
Silver 
Pnlliidiurn 
Platinum 
Gold 


*  Frea  leiid  and  tin  do  ocotur  as  Tar«  miaeralm.  Iron,  with  a  tittle  cobalt  and 
nickel,  constltuten  uiany  meteoric  maasea. 

t  To  avoid  a  coiumoo  misconception,  it  must  b«  noted  that  the  electromotive 
8«rics  lista  no  bearing  on  llie  tendency  of  one  ra^lical  to  dislodge  another  in  double 
decoinposiiious.  Tlie  pliice  of  an  element  in  tUu  E.M.  series  deHnes  it«  relttlive 
activity  when  free,  anil  hajj  to  do  only  wiili  actions  where  otw  free  eienient  d(a- 
pttw.ea  (]i.  flO)  iinother.  The  influences  which  determine  a  double  decniupoBition 
(^  pp.  180,  267-360)  have  little  to  do  with  the  chemical  activity  of  the  com- 
pounds concerned  (p.  350),  and  noMiin?  at  all  to  do  wilh  th.it  of  the  free  elemenla, 
for  these,  in  fact,  are  not  preaeut  at  all  (see  RoUdea  of  silver). 
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Destruction  or   FortnatioH  of  a    Compound    Ion.  —  The  de- 

Btructiou  of  a  compound  ionic  material  is  observed  in  the  action  of  any 
reducing  agent,  such  as  hydrogen  peroxide  (p.  307),  Upon  a  dilute 
solution  of  a  permanganate.  The  compound  ion  MnO/  gives  by 
reduction  Mn"  and  water.  It  was  also  encountered  (p.  278)  iu  the 
reduction  of  10,'  by  hydriodic  acid,  in  which  free  iodine  and  water 
were  formed: 

H-  +  10,'  +  6H*  +  61'  —  3H,0  -(-  31,. 

The  converse  occurs  when  potassium  cyanide  is  added  in  excess  to 
a  solution  of  a  salt  of  silver.  First,  silver  cyanide  is  precipitated,  and 
then  this  compound  unites  with  the  excess  of  cyanidion : 

Ag'  +  J^O,'  +  K-  +  NC  t^  K-  +  NO',  +  AgNCi, 
K-  +  CN'+  AgCNT  ^  K-  +  Ag(CN),'. 

The  product  is  the  soluble  potassium  argenticyanide.  It  is  a  salt  of 
the  complex  acid  HAg(CN)i,  and  not  a  double  salt  (p.  360).  It  does 
not  decompose  into  potassium  and  silver  cyanides  and  their  ions  when 
in  solution,  for  the  second  action,  above,  is  not  appreciably  reversible. 

Change  in  the  Chargen  of  Two  long,  —  A  reduction  in  the 
charge  in  two  ions  probably  occurs  in  the  preparation  of  chlorine 
(p.  171).  The  decomposition  of  the  manganese  tetrachloride,  if  it  is 
indeed  formed,  takes  place  by  the  simultaneous  discharge  of  two 
equivalents  of  electricity  from  the  quadrivalent  manganese  ion  and 
tviro  ions  of  chloridion ; 

Mn""  +  4C1'  -»  Mn"  +  2C1'  +  CI,. 

Both  this  sort  of  change  and  its  converse  are  common  with  ions  of 
metals  such  as  iron  and  tin  (j.c),  which  have  more  than  one  valence. 

Charge  and  Gdtchftrge  nf  Two  Inns,  Electrically^  —  Dis- 
charge of  ions  is  brought  about  iii  every  electrolysis  (p.  318).  Thus, 
when  hydrochloric  acid  is  decomposed  by  the  current,  we  have  ; 


2H+2e-»H^       and       2Cl+2®->Cl,. 


[The  converse  takes  place  when  the  polarization  current  (p.  324)  is 
allowed  to  flow.  Both  charge  and  discharge  occur  in  every  simple 
battery,  as  when  zinc  dissolves  in  dilute  sulphuric  acid  to  give  ^^ino 
sulphate  (p.  346) : 


Zn+  2® 


++ 
Zn 


and      2H  +  2  e  ->  H. 
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The  creation  of  the  positive  charges  in  the  former  of  the  two 
equations  leaves  the  rod  of  zinc  negatively  charged,  that  of  the  nega- 
tive charges  in  the  latter  renders  the  platinum  wire  positive. 

Twa  or   More   Kinds  of  Jonic  Action  Sitnultaneoualf/.^In 

the  interaction  of  iodic  acid  and  hydrogen  iodide,  both  the  decomposi- 
tion of  a  compound  ion  (10/)  and  the  change  in  charge  on  other  ions 
(I'  giving  Ij,  and  H'  giving  water)  occur  simultaneously.  Compli- 
cations of  this  kind  are  not  uncommon. 


N0K-IOI«O   MODBS    OF    FoBMING    loNOGENS. 

While  ionogens  may  always  be  made  by  the  union  of  the  proper 
ions,  they  must  nevertheless,  in  the  absence  of  the  solvent,  be  regarded 
as  chemical  substances  which  may  be  constructed  out  of  their  constit- 
uents without  reference  to  the  ionic  plane  of  cleavage.  Thus  we  have 
incidentally  observed  many  ways  in  which  acids,  bases,  and  salts  may 
be  prepared  that  do  not  involve  a  union  of  the  constituent  ions  and 
are  probably  not  ionic. 


Acida  and  Sttnea.  —  Oxygen,  acids  can  almost  all  be  prepared 
from  the  anhydrides,  which  are  not  ionogens,  and  water.  Pliosplioric 
acid,  sulphurous  acid  (p.  71),  hypuchlorous  acid  (p.  i!68),  and  mtrnj- 
other  acids  are  so  formed.  The  hydrogen  halides  are  all  producible  by 
union  of  the  constituent  elements.  Many  acida  are  foi'med  from  others 
when  the  latter  are  heated ;  for  example,  chloric  ficid  from  bj-poclilo- 
rou.s  acid  and  ])hosphoric  from  phosphorous  acid  ('/.''.). 

Bases  are  formed  by  the  union  of  oxides  of  metals  with  water 
(p.  119). 

Saifif.  —  The  dry  ways  of  forming  salts  are  very  numerous.  Thus, 
many  are  formed  by  direct  union  of  the  elements,  as  in  the  case  of 
chlorides  (p.  175),  sulphides  (p.  12),  and  other  simple  salts.  Many  are 
made  by  reduction  or  oxidation  from  other  salts,  a**  potassium  chloride 
from  potassium  chlorate  (p.  Go),  or  pota.ssium  perchlorate  from  the  latter 
(p.  276).  Often  a  reducing  or  an  oxidizing  agent  is  used,  as  in  making, 
potassium  nitrite  (^.d.)  from  the  nitrate,  and  lead  sulphate  from  lead 
sulphide  (<7.''.).  Almost  all  oxygen  salts  ran  he  obtained  by  the  union 
of  two  oxides,  as  calcium  carbonate  (q.i'.)  from  calcium  oxide  and 
carbon  dioxide.  Ammonium  salts  are  formed  by  combination  of  am- 
monia, which  is  not  an  ionogen,  with  acids  (p.  183). 
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In  manufacturmg  salts,  methods  like  tiie  above,  afl  well  as  those 
involving  ionic  actions,  are  very  commonly  used.  In  eauh  case  the 
cheapest  and  most  easily  accessible  materials  are  chosen,  and  the  least 
expensive  operation  is  selected. 

Neutralization  is  tlieorettcally  tlie  simplest  ionic  way  of  getting  a  eaXl,  because 
the  water  can  be  removed  by  mere  ovnporntion.  Vet  most  of  tlie  salts  wliich  are 
on  the  tnarliGt  aje  made  by  tlie  use  of  otlier  actioiiE.  In  fact,  tbe  pure  bases  and 
acids  are  usually  too  expensive  to  be  utilized  be  sources  of  salts. 

Tbe  commonoHt  deQuitioii  of  a  salt,  as  a  substance  formed  by  the  neutraliza- 
tion of  an  acid  by  a  baeie,  ia  open  to  many  objections.  It  is  logically  defective 
because  it  does  not  describe  wbat  a  salt  is,  but  one  metliod  of  making  a  salt, 
wliicli  is  an  entirely  different  matter.  It  ia  unforttmate  in  its  choice  amongst  pos- 
sible paralogisms,  because  ricutialiKatlou  is  snore  aigtiiflcant  an  a  method  of  forming 
water  than  as  a  means  of  pitipariiig  a  sail.  And  bnitlly,  as  we  have  just  i^eeu,  tbe 
definition  has  not  even  the  excuse  of  practical  value,  lor  jiost  salts  ai'e  manu- 
factured by  eutirely  different  reactiotis. 

Exercineg.  —  1.    Using  the  data  in  regard  to  ionization  (p.  330), 

formulate  other  dissociations  according  to  the  models  on  p,  335, 

2.  Explain  fully  (cf.  p.  297)  the  effect  of  imtassiimi  bromide  upon 
the  ionization  of  cupric  bromide  (p.  335). 

3.  Give  a  list  of  all  the  colorless  ionic  sulutances  you  can  think  of 
(p.  337). 

4  Formulate  fully,  according  to  the  diagram  on  p.  340,  the  precip- 
itation of  barium  sulphate  (p.  342),  of  silicic  acid  from  sodium  silicate 
(p.  350),  of  zinc  hydroxide  from  zinc  sulphate  (p.  350),  of  silver  chlo- 
ride from  silver  sulphate,  and  the  liberation  of  hydrogen  chloride  by 
phosphoric  acid  {p.  179). 

5.  Give  a  list  of  the  specific  physical  and  chemical  properties 
(p.  341)  of  iodidioa  and  of  hydrion. 

6.  Formulate  {p.  36] )  the  displacement  of  iodine  by  bromine 
{p.  236),  and  of  bromine  by  clilorine  (p.  232). 

7.  Explain  the  acid  reaction  of  ferric  chloride  (FeCl,)  solution 
(p.  344). 

8.  Name  all  the  physical  components  in  aqueous  solutions  of  po- 
tassium hydroxide,  hydrogen  chloride,  and  sulphuric  acid  (cf,  p,  3ii2). 

9.  Name  the  anions  and  cations  whose  formulae  are  used  un  p.  337. 

10.  Formulate  (p.  361)  the  actions  of  iron  and  of  aluminium  on 
dilute  hydrochloric  acid, 

11.  What  is  the  molar  concentration  (p.  250)  of  hydrion  in  N/10 
hydrogen  sulphide  (p.  330)  and  in  N/10  acetic  acid,  of  natrion  in 
'N/2  sodium  chloride,  and  of  cuprion  in  N  cupric  nitrate? 


12.  Combining  the  models  on  pp.  349,  354,  and  35t>,  formulate  the 
action  of  hydiochloric  auid  on  magiiesiuin  hydroxide  and  ou  zinc 
hydroxide, 

13.  Formulate  (p.  338)  and  discuss  the  action  of  sulphuric  acid 
upon  potassium  permanganate  (p.  30(j)  and  upon  potassium  dichro- 
mate  (p,  306). 

14.  Formulate  (p,  354)  the  uentTalizations  meutioned  oa  p.  35T. 

15.  What  do  we  infer  (p.  35S>)  from  the  fact  that  the  solution  of 
sodium  hydrogen  sulphide  (NaHS)  is  neutral? 

16.  Can  you  invent  an  interaction  of  two  aoluhle  salts  in  which 
both  products  shall  be  insoluble? 

17.  To  which  classes  of  ionic  actions  do  those  of  iodine  on  hy- 
drogen sulphide  (p,  «38),  and  of  magnesium  ou  cold  water  (p.  97), 
belong  ?     Fornjulate  the  former  according  to  the  model  on  p.  340. 

18.  Wiiat  metals,  beside  platinum,  would  be  most  likely  to  form 
suitable  electrodes  for  an  electrolytic  cell  (p.  324)  ? 

19.  How  should  you  attempt  to  obtain  (p.  363)  a,  pure  aqueous 
solution  of  the  acid  trAg(CN)„? 

20.  Formulate  (p.  363}  the  eleottolyais  of  hydriodic  acid  and  tliat 
of  cupric  sulphate,  the  latter  between  copper  electrodes  (p,  325). 

21.  Give,  for  each  of  the  following,  two  definitions,  one  iu  terms  of 
experimental  facta,  the  other  lu  terms  of  the  ioiiic  hypothesis :  a«id, 
base^  salt,  neutralization,  acid  salt;  mixed  salt 


CHAPTER   XXr 

BTTLPWUB.    AND    H7BR0OEN    SULPHIDE 

Occurrence,  —  Free  sulphur  ia  found  iii  voloanic  regions,  where  it 
is  mixed  with  gypsum  and  other  minerals  and  occupies  the  pores  of 
pumice-stone.  Rocky  materials  aucompunying  a  mineral  in  this  way 
are  called  the  matrix.  Here  and  there  non-volcanic  deposits,  formed  by 
the  action  of  bacteria,  have  been  met  with,  as  in  Louisiana  and  in 
Germany.  There  are  many  minerals,  compounds  containing  sulphur, 
which  are  chiefly  important  on  account  of  their  other  constituents. 
Sulphides  of  metals,  such  as  pyrite  (FeS^),  copper  pyrites  (CuFeS^), 
galeua  (PbS),  zinc-blende  (ZnS),  and  sulphates,  like  gypsum  (CaSO,, 
2H,0),  barite  (BaSO,),  and  celestite  (SrSO,),  are  fairly  plentiful.  Sul- 
phur is  a  constituent  of  albumin  and  other  substances  found  in  the 
animal  body. 

Manufacture.  —  Most  sulphur  is  obtained  by  tlie  simple  process  of 
melting  it  away  from  the  accompanying  volcanic  rock  at  a  low  tempera- 
ture. The  liquid  sulphur  is  allowed  to  run  into  wooden  molds,  in 
which  it  soHdihes  in  the  form  of  roll  •ulphur.  For  many  purposes  this 
sulphur  is  sufficiently  pure.  To  produce  the  best  quality  it  is  sub- 
jected to  distillation  from  earthenware  retorts.  The  vapor  passes  into 
a  large  brick  chamber  and  condenses  upon  the  walls  and  floor  in  the 
form  of  a  fine  powder,  sold  as  flowera  of  aulphui.  When  the  chamber 
has  become  heated,  the  sulphur  condenses  in  the  form  of  a  liquid, 
which  is  drawn  off  and  cast  in  molds  as  before. 

The  greater  part  of  the  sulphur  of  commerce  conies  from  Sicily, 
where,  in  1898,  447,000  tons  were  manufactured  against  41,000  tons 
elsewhere.  A  certain  amount  is  ohtAined  in  Japan.  It  is  found  in 
California,  Nevada,  and  Lomsiana.  Within  the  last  two  years  the 
product  from  the  last-named  source  has  superseded  Sicilian  sulphur  in 
the  American  market.     Sulphur  is  popularly  kno\*Ti  as  brimstone. 

Some  sulphur  is  also  made  from  polysulphides  ('/,*'.}  (which  give 
precipitated  sulphur),  from  the  waste  products  of  alkali  manufacture 
by  Chance's  process  (?.«'.),  and  from  the  exhausted  material  used  in 
Removing  gulphur  from  illuminating-gas  during  its  purilieation. 
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Physical  Properties.  —  The  chief  physical  peculiarity  of  sulphor 
is  tluit,  instead  of  existing  in  three  physical  states  only,  like  water,  it 
possesses  two  familiar  and  perfectly  distinct  solid  forms  and  two  dif- 
ferent liquid  states  of  aggregation. 

1.  Native  sulphur  is  yellow,  has  a  sp.  gr.  2.06  and  melts  at  114.B°. 
It  is  almost  insoluble  in  water,  but  dissolves  freely  in  carbon  disal- 
phide  (40  parts  in  100  at  18°)  and  in  sulphur  monochloride  (j.ti.). 
When  good  crystals  are  found,  they  belong  to  the  rhombic  system 
(Fig.  1,  p.  11).  The  solid  sulphur  obtained  by  evaporating  a  solu- 
tion shows,  as  a  rule,  more  perfect  crystalline  forms  than  does  native 
sulphur,  but  in  all  other  respects  is  identical  with  it.  Boll  sulphur  is 
the  same  substance  as  these  two,  although  the  crystals  in  their  growth 
have  interfered  with  one  another,  and  tbe  mass  is  oryBtaUiue,  simply^ 
and  not  well  crystaUized.  This  variety  is  called,  from  its  form, 
rhombic  Bulphur. 

2.  When  a  large  mass  of  melted  sulphur  solidifies  slowly,  and  the 
crust  is  pierced  and  the  remaining  liquid  poured  out  before  the  whole 
has  become  solid,  the  interior  is  found  to  1»  lined  with  long  needles. 
This  kind  of  sulphur  is  nearly  colorless  and  has  a  sp.  gr.  1.96,  melts 
at  119°,  and  is  in  all  physical  respects  a  different  individual  from 
rhombic  sulphur.  The  csystals  arc  long,  transparent  prisms,  almost 
rectangular  in  section,  and  usually  showing  one  large  oblique  face  aitf 
the  end.  This  variety  of  the  simple  substance  is  named,  from  the 
system  to  which  its  crystals  belong,  monocUnic  ■ulphur. 

Monoclinic  sulphurcan  be  kept  only  above  96°  and  below  its  meltiag* 
point  (1 19").  Every  recently  solidified  mass  of  sulphur  is  composed  of 
it.  But,  below  96°  the  mass  gradually  becomes  opaque,  the  change 
usually  spreading  from  one  or  two  points  and  finally  affecting  tlie 
whole  mass.  The  opacity  is  due  to  the  fact  that  the  material  has 
turned  into  an  aggregate  of  small  particles  of  rhombic  sulphur,  each 
of  wliieh  occupies  less  space  than  the  monoclinic  sulphur  from  which 
it  was  formed.  Conversely,  rhombic  sulphur  can  be  kept  only  below 
96°.  Wlmn  heated  above  this  temperature,  but  not  aa  high  as  its 
melting-point,  it  tui'ns  slowly  into  monoclinic  sulphur.  Contact  with 
a  piece  of  monoclinic  sulphur,  or  mere  rubbing  with  a  hard  body,  will 
determine  the  point  at  which  the  transformation  shall  begin,  and  the 
expansion  which  accompanies  this  results  in  a  spreading  opacity  as 
before.  The  delay  before  the  change  starts  and  the  effect  of  rubbing 
and  inoculation  arc  familiar  in  connection  with  almost  all  changes  of 
state  (ef.  p.  159). 
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Transitiojis,  marked  by  definite  points,  like  this  one  at  96°,  are 
attentled  by  similar  pheitnmenfi,  wliether  they  lie  between  two  solid 
states,  or  a  liquid  and  a  solid  state  (ice  and  water),  or  a  gaseous  and  a 
liquid  state  (steam  and  water).  Heat  is  given  out  when  we  pass  in  one 
direction  and  absorbed  by  passage  in  the  other.  The  rate  of  change 
of  vapor  pressure  with  change  in  temperature  (cf.  p.  163)  is  different 
on  each  side  of  the  transition  point.  A  body  whirh  has  two  solid  states, 
and,  therefore,  two  crystalline  formn,  is  said  to  be  dlmorpboua  (two- 
'ortned),  and  one  with  mure  thau  two  such  states  polymorphona  (.see 
xououium  nitrate).  But  this  term  is  not  intended  to  imply  that  the 
ilation  of  two  solid  states  to  each  other  is  essentially  different 
from  that  of  two  states  of  different  kinds,  sueh  as  solid  and  liquid, 
although  the  term  '*  polymorphous "  is  not  applied  to  the  latter. 

3.  When  melted  .sidphur  is  heated,  it  undergoes  another  change  at 
160°.  The  formerly  pale-yellow,  mobile  liquid  {H^)  suddenly  becomes 
dark  in  color  and  so  vlacoua  (S^)  that  the  vessel  may  be  inverted 
without  loss  of  material.  Heyond  2tiO°  the  visi^idity  becomes  noticeably 
less,  and  at  448.5'^  the  liquid  boils  and  passes  into  sulphur  vapor. 

The  sulphur  thermometer  thus  shows  many  more  fixed  points  than 
4oes  the  water  thennometer.  The  latter  consists  of  ice  up  to  0",  of 
•water  from  0°-100°,  and  of  steam  almve  100°.  The  former  includes 
rhombic  sulphur  up  to  96°,  monoclinio  suljihur  OC-llS"  mobile  liquid 
(Sj»)  119°-160^,  viscous  liquid  (SJ  160='-448.5^,  and  vapor  lieyoud. 


JnHolubte,  AmorphouH  Sulphur.  ^Wlmn  sulphur  which  has 
been  exposed  to  the  air,  and  particularly  sulphur  to  which  a  trace 
of  iodine  has  been  added,  is  boiled  and  then  allowed  sfoudi/  to  cool, 
the  product  is  crystalline  and  soluble  in  carlxm  disulphide,  as 
before.  But  wlieu  such  impure  sulphur  is  boiled  and  then  sndihnlif 
chilled  by  pouring  into  cold  water,  it  is  at  first  semi-fluid.  After 
several  days  this  elastic  sulphur^  as  it  is  called,  becomes  hard.  It  is 
then  found  to  contain  rhombic  sulphur  mixed  with  a  large  proportion 

[of  another  variety  of  free  sulphur.  This  is  almost  insoluble  in  any 
solvent,  and  so  may  be  secured  by  washing  the  mixture  with  carlxm 
disulphide. 

This  Insoluble  Rulpbur,  being  without  crystalline  structure,  is  called 
also  amorphoui  (Gk,  d  priv,,  fiop4>^  form)  sulphur,  Xovv  amorphous 
bodies  (see  Glass)  are  always  supercooled  liquids,  that  is,  liquids  still 
existing  as  such  at  a  temperature  at  which  the  solid,  crystalline  form 

,18  the  stable  one.     They  have  been  brought,  by  eooliug,  so  rapidly 
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through  their  freezing-point  (in  general,  transition  point  fram  one 
physical  state  to  auotlier)  that  crystallization  has  not  had  time  to 
begin  (<•/.  p.  144)  and  a  general  rigidity  only  has  supervened.  Now 
amorphous  sulphur  is  viscous,  liquid  sulphur  (H^)  which,  by  sudden 
chilling,  has  been  carried  past  both  the  transition  to  mobile  liquid 
sulphur  (Sx)  at  160°,  and  tlie  crystallizatiou  as  well,  without  under- 
going either  of  these  changes.  It  is  supercooled  S^.  This  accounts 
for  the  fact  that  it  is  obtainable  only  by  rapid  cooling.  Often  over 
50  per  cent  of  the  whole  may  thus  be  supercooled.  Once  the  mixture 
has  been  obtained  by  chilling,  the  insoluble  sulphur  reverts  very  slowly 
to  the  soluble  variety,  and  years  are  required  for  the  completion  of 
the  reversion  at  ordinary  temperature.  At  100°  the  reveraion  is  com- 
pleted in  an  hour.  The  capacity  of  the  S^  to  be  supercooled  at  all 
seems  to  depend  on  the  presence  of  traces  of  foreign  bodies.  Of  these, 
imline  is  the  most  efficient,  T)ie  sulphur  dioxide  or  sulphuric  acid 
produced  by  prolonged  exposure  to  the  air  {see  below)  is  the  agent 
usually  responsible  for  the  supercooling.  Freshly  recrystallized  sul- 
phur gives  no  elastic  sulphur  and  no  insoluble  sulphur. 

Insoluble  sulphur  is  found  in  flowers  of  sulphur  and  in  Sulphur 
formed  by  precipitation  from  thiosulphatea  (q.v.)  in  presence  of  acids. 

Chemical.  Propertiea,  —  When  the  density  of  sulphur  vapor  is 
determined  at  low  temperatures  and  under  reduced  pressures,  the 
molecular  weight  corresponds  closely  to  the  formula  S^.  As  tlie  tem- 
perature is  raised,  however,  the  vapor  expands  very  rapidly,  and  at 
800"  the  molecular  weight  is  64.2,  and  the  formula  therefore  S^ 
Intermediately  mixtures  of  S,,  S,,  S„  and  8,  exist.  At  higher  tempera- 
tures no  further  dissociation  seems  to  take  place.  The  formula  of 
dissolved  sulphur,  as  measured  by  freezing- and  boiling-point  methods 
(p.  162),  is  S,. 

We  do  not  ordinarily  think  of  sulphur  as  a  very  active  chemical 
suhstance,  but  this  is  largely  due  to  the  fact  that  its  solid  condition 
interferes  with  the  attainmeut  of  close  contact  with  the  body  upon 
which  it  act.s.  Wlien  finely  divided  metals,  with  the  exception  of  gold 
and  platinum  (<•/.  p.  362),  are  rubbed  together  with  powdered  sul- 
phur, union  take?  place  and  sulphides  are  protluced.  We  have  seen 
that  sulphur  when  heated  combines  with  great  vigor  with  iron  and 
copper,  as  it  does  indeed  with  most  of  the  metals.  Sulphur  unites 
also  with  many  of  the  nou-metals.  Thus  with  oxygen  it  produces 
sulphur  dioxide,  and  even  sulphur  trioxide  (SO,).     It  unites  also  with 
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chlorine  directly.  When  sulphur  is  treated  with  oxidizing  agents  in 
pretence  of  water,  no  trace  of  sulphur  dioxide  (or  sulphurous  aoid) 
ia  formed;  the  only  product  is  sulphuric  acid.  Even  free  oxygen  gats 
in  tbe  air  is  capable  slowly  of  oxidi?;Jng  moist  powdered  sulphur  and 
producing  sulphuric  acid,  2S  -f  21i,0  +  30,  —  2H,S0^.* 

Ugeg  of  S  Hi  phut: — ^  Large  quantities  of  crude  sulphur  are  em- 
ployed for  making  sulphur  dioxide,  which  is  used  in  the  manufacture 
of  sulphuric  acid,  in  bleaching  feathers,  straw,  and  wool,  and  in 
making  alkali  sulphites  for  employment  in  the  Vileanhing  industry. 
The  manufacture  of  carbon  di  sulphide  consumes  a  cojiaiderable  amount 
also.  The  purified  sulphur  is  employed  in  the  matuifacture  of  gun- 
powder, fireworks,  matches,  and,  by  combinatioii  with  rubber,  of 
vulcanite.  Flowers  of  sulphur  is  used  in  vineyards  to  destroy  fungi, 
which  it  does  by  virtue  of  the  traces  of  sulphuric  acid  it  yields  by 
oxidation. 

HyDROGKN    SutPHlDK. 

This  compound  13  found  in  some  mineral  waters,  which  in  conse- 
quence are  known  as  sulphur  waters.  It  is  produced  in  the  decompo- 
sition of  animal  matter  containing  sulphur,  when  air  is  excluded,  and 
the  distinctive  odor  of  rotten  eggs  is  due  in  part  to  its  presence. 

Preparation.  —  1.  Hydrogen  and  sulphur  do  not  unite  percep- 
tibly in  the  cold.  At  310°  almost  complete  union  occurs,  but  about 
168  hours  are  required  for  the  change, 

2.  Sulphides  of  metals,  being  salts,  are  acted  upon  more  or  less 
easily  by  dilute  acids  (p.  349),  and  give  hydrogen  sulphide.  Ferrous 
sulphide,  the  least  expensive  of  those  easily  affected,  is  generally  used  : 

FeS  -t-  2HC1  -^  H,S  -f-  FeCl^ 

For  hydrochloric  acid  we  may  substitute  an  aqueous  solution  of  any 
active,  non-ox  id  i^  ill  g  acid.  A  Kipp's  apparatus  (p.  97)  is  commonly 
employed.  Since  ferrous  sulphide  is  but  slightly  soluble  in  water,  the 
action  proceeds  by  a  rather  complex  series  of  equilibria: 

FeS  (solid)  ±^  FeS  (disa'd)  ♦=;  Fe"  -f  S"  ?  ^ 


2H('1^2C1'  +  2Hi  ^  ^^  ^^''^'^^  ^  ^'^  ^^^^> 


*  The  pwagraph  on  the  clieinlcal  relations  of  the  element  {see  end  of  this 
chapter)  should  be  read  al  lUia  point. 
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The  dissolved  hydrogen  sulphide  is  very  feebly  ionized,  and  m^n- 
tains  a  smaller  concentration  of  sulphidiou  (S")  than  does  ferrous 
sulphide,  in  spite  of  the  comparative  insolubility  of  the  latter.  Hence, 
the  S"  formed  from  the  FeS  is  continuously  removeil  by  union  with 
the  hydrion  famished  by  the  acid,  S"+  2H'  t^  H,S,  and  all  the  other 
equilibria  are  constantly  displaced  forwards  on  this  account.  The 
action  is  therefore,  in  essence,  like  neutralization  (p.  354).  It  will  be 
observed  that  the  action  takes  place  rather  on  account  of  the  feeble 
ionization  of  the  weak  acid  than  by  reason  of  the  activitj-  of  the  other 
acid.  We  should  therefore  prefer  to  say  that  the  weak  acid  with- 
draws, and  not,  as  is  sometimes  done,  that  the  strong  acid  drives  it 
out. 

Since  the  action  is  an  ionic  one,  the  acids  must  be  employed  in 
dilute  form.  This  is  true  especially  of  oxygen  acids.  Thus,  concen- 
trated sulphuric  add  hfis  little  action  upon  ferrous  sulphide  in  the 
cold,  and  when  the  subatances  are  heated  the  oxygen  of  the  sulphuric 
acid  comes  into  play,  and  sulphur  dioxide  (q.v.)  and  free  sulphur  are 
formed. 

3.  Hydrogen  sulphide  is  the  invariable  product  of  the  extreme  re- 
duction of  any  sulphur  compound.  Thus,  it  is  formed  by  the  action 
of  hydrogen  iodide  upon  concentrated  sulphuric  acid  (p.  237).  Even 
sulphur  itself  is  reduced  by  dry,  gaseous  hydrogen  iodide : 

2HI  +  8  ->  HjS  +  Ij. 

The  action  appears  to  be  just  the  reverse  of  that  which  takes  place  in 
aqueous  solution  (p.  SJ3S),  but  in  reality  is  quite  different  Iodine  and 
gaseous  hydrogen  sulphide  will  not  produce  fi'ee  sulphur  and  gaseous 
hydrogen  iodide,  for  this  action  would  involve  a  considerable  increase 
in  energy  in  the  system.  But,  in  water,  they  do  give  lij'drion  and 
iodidion,  for  these  bodies  contain  very  much  less  energy  than  does 
hydrogen  iodide ; 


2H'  +  S"-|-Ij-»2H*  +  S|+2I'    or     S"+ I, -»  S  J+ 21'. 
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Phy»ical  Properties.  —  Hydrogen  sulphide  is  a  colorless  gas 
with  a  characteristic  odor.  When  liquefied,  it  boils  at  —  GO. 4°  (755 
ram.),  and  in  solid  form  melts  at  —  82.9°.  At  12^  the  liquid  exerts  a 
pressure  of  15  atmospheres.  The  solubility  in  water  at  10°  is  360  vol- 
umes in  100,  and  becomes  less  as  the  temper.iture  is  raised.  The  gas 
can  l>e  driven  out  complettdy  by  boiling  the  solutiou  {cf.  p.  182).     The 
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gas  is  very  poisonous,  one  part  in  two  huntlred  tieing  fatal  t<i  maminiUs, 
while  it  is  stated  that  one  part  in  lii'teeu  hundred  produces  death 
in  birds. 

Ctiemical  Properties  of  the  Qa»,  —  When  heated,  the  gas  dis- 
sooiates : 

HjS  P±  H,  +  8. 

At  310^  the  deuompoaition,  although  very  slow,  affects  a  small  but 
perceptible  proportion  of  the  gas  before  coining  to  reat.  The  dissoci- 
ation, like  all  thermal  dissociations,  is  accompanied  by  aii  absorption  of 
heat  and  is  therefore  greater  at  higher  temperatures  ((/.  p.  2<30}. 

Hydrogen  siiiphide  forms  &  ftolid  hydrate  with  water,  H^S,  7H,0,  the  behavior 
of  wUieb  resembles  that  of  cliloriue  hydrate  (p.  174).  The  vapor  tea«it>n  of  water 
and  the  gas  amount,  together,  to  1  atiiinspbere  at  5°,  The  compomid,  tlierefore, 
decoLiiposes  rapidly  at  W,  and  more  iilowly  at  lower  temperHtures. 

The  gas  bums  in  air,  forming  steam  and  sulphur  dioxide.  The 
temperature  of  the  mantle  of  flame  suiToimding  the  gas,  as  it  issues 
from  a  jet,  being  far  above  310°,  the  gas  in  the  interior  is  dissociated 
before  it  meets  with  any  oxygen.  Hence  a  cold  dish  held  across  the 
flame  receives  a  deposit  of  free  sulphur,  and  a  part  of  the  hydrogen 
also  escajjes  unburnt.  It  may  be  remarked  that  dissociation  of  this 
kind  probably  precedes  the  combustion  of  most  gaseous  compounds 
(see  Flame). 

The  metals,  down  to  and  including  silver  in  the  electromotive 
series,  when  exposed  to  the  gas,  quickly  receive  a  coating  of  sulphide. 
That  the  gas  should  thus  behave  like  free  sulphur  shows  its  instability. 

This  instability  is  sliown  also  in  the  fact  that  its  hydrogen  reduces 
substancea,  such  as  sulphur  dioxide,  whieh  are  not  affected  by  fi-ee 
hydrogen  r 

2H,S  +  SOj  -»  2H3O  +  3S. 

This  action  takes  place  much  more  rapidly  when  the  gases  are  moist 
than  when  they  are  dry,  and  is  retarded  by  dilution  with  indifferent 
gases  {ef.  p.  252).  Native  sulphur  is  probably  produced  by  this  action, 
as  Iwth  of  these  gases  are  found  issuing  from  the  ground  in  VQlcanic 
neighborhoods.  Sulphur  is  deposited  also  when  hydrogen  sulphide 
undergoes  a  partial  combustion  with  a  restricted  supply  of  oxygen  : 

2H,S  +  Oj  —  2H,0  +  2S. 

Its  formation  in  nature  is  sometimes  to  be  accounted  for  in  this  way. 
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When  hydrogen  sulphide  gas  is  led  through  conceDtrated,  or  even, 
siioply,  normal  sulphuric  acid,  the  acid  i^  reduced,  solpbur  dioxide 
escapes,  and  sulphur  is  deposited : 

H,S  +  HjSO,  -.  S  +  2H,0  +  SOr 

The  sulphuric  acid  may  be  written  H5O,  SO,.  In  furnishing  SO,,  thi 
fore,  each  molecule  can  give  one  unit  of  oxygen  and  therefore  oxidize 
one  molecule  of  11,8  (see  p.  389),  On  account  of  this  action  the  gas 
cannot  be  dried  by  means  of  concentrated  sulphuric  acid.  Calcium 
chloiide  w  likewise  inapplicable,  since  a  partial  interchange  takes 
place,  resulting  in  the  production  of  calcium  sulphide  and  hydrogen 
chloride  gas.  Only  a  dehydrating  agent,  such  as  phosphoric  anhy- 
dride, with  which  it  cannot  interact,  is  suitable  for  drying  the  gas. 

Chemical  Prttpertlen  0/  the  Aqtteous  Holution  of  Hjfdrogen 
Sulphide,  —  While  the  gas  itself  is  not  an  acid,  its  solution  in  water 
gives  a  feeble  acid  reaction  with  litmus.  In  an  aqueous  solution 
(N/10),  only  .0007  (0.07  per  cent)  of  the  substance  is  ionized  accord- 
ing tu  the  equation  (c/.  p.  34C) : 

H,8  -» H*  +  HS'. 

Some  S"  ions  are  present,  but  hydrosulphidion  (HS')  is  less  dissoci- 
ated than  is  water  itself,  and  the  amount  of  sutphidton  is  therefore 
very  small. 

By  the  action  of  oxygen  from  the  air  upon  an  aqueous  solution  of 
hydnigcn  sulpliide,  the  sulphur  is  slowly  displaced  and  appears  in  the 
form  of  a  fine  white  powder: 

0,  +  2HjS  -» 2S  -f-  2H,0. 

This  is  an  action  similar  to  the  displacement  of  ionic  iodine  by  free 
chlorine  (p.  236).  On  the  other  hand,  the  hydrogen  may  be  displaced 
by  metals,  particularly  the  more  active  ones,  but  the  small  degree  of 
ionization  makes  the  action  very  slow, 

The  solution  of    the  gas  is  a  reducing  agent,  as  its  action  upon 
iodine  shows  (p.  238),     So,  also,  in  presence  of  an  acid,  it  removes 
oxygen  from  dichromic  acid  (produced  by  the  action  of  an  acid  upon        . 
]iota.ssium  dichromate) :  ^^H 

KjCr/t,   +    2HC1  i^  H,Cr,0,  +  2KC1  (1)^ 

H,Cr»0,    +    6HC1  -^  4H,0  +  2CrCl,(-f-  30)  (2) 

(30)        +    3H,8  -*  3H,0  -f-  38 (3) 

Adding :  K,Cr,0,-l-8HCl4-3H,8  -♦  2KCI  -|-  2CrClg+7H,0  -|-  3S 


re 
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The  first  partial  equation  {ef.  p.  228)  represents  the  regular  interaction 
of  two  ionogens,  but  the  second,  interaction  does  not  tiike  place  unless  an 
oxidizable  body  (here  the  hydrogen  sulpiride)  is  present  to  take  posses- 
sion of  the  oxygen  which  it  is  capable  of  delivering  {ef.  p.  307), 

As  an  acid,  the  solution  of  hydrogen  sulphide,  sometimes  known  as 
iulphydric  acid,  may  be  neutralized  by  bases. 


SulphideH, — -As  a  di-basic  acid  (p.  358),  hydrogen  sulphide  gives 
both  acid  and  neutral  (or  normal)  sulphides,  such  as  NallS  and  Na,S, 

Tbe  former  are  obtained  by  passing  the  gas  in  excess  into  solutions 
of  soluble  bases : 

HjS  +  NaOH  -»  H,0  +  NaHS, 

and  are  neutral  in  reaction.  Their  negative  ion,  H8',  gives  practically 
no  hydrion. 

By  adding  to  the  above  8olut)ou  an  amount  of  sodium  liydroxide 
equal  to  that  used  before,  and  driving  off  the  water  by  evaporation, 
the  second  unit  of  hydrogen  is  displaced : 

NaOH  +  NallS  i=i  Na,8  +  H^O  f . 

This  action  ia  wholly  reversed  when  dry  sodium  sulphide  is  dissolved 
in  water,  the  salt  being  completely  liydrolyzed  to  the  acid  salt: 

Na,Sj=f2Nft'-|-S"K    US' 
H,0  i^OH'-f-H"   1 

The  HS'  gives  a  lower  concentration  of  hydrion  than  the  water,  and 
hence  uses  up  in  its  formation  the  ions  of  hydrogen  produced  by  tlie 
latter  until  an  amount  of  hydroxyl  equivalent  to  half  the  sodium  is 
formed. 

Many  sulphides  are  insoluble  in  water,  and  these  may  be  divided 
roughly  into  three  classes  : 

1.  The  sulphides  of  silver,  copper,  mercury,  aiid  some  other 
metals  are  exceedingly  insoluble,  and,  therefore,  do  not  interact  witli 
dilute  acids  as  does  ferrous  sulphide  (p,  371),  These  may  therefore 
be  made  by  leading  hydrogen  sulphide  into  a  solution  of  any  of  their 
salts  ' 

CaSOj+KiS  ^  CuS  J  +  H^SO^, 

The  acid  produced  has  scarcely  any  effect  upou  the  sulphide,  and  al- 
I  most  no  reverse  action  is  observed. 
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2.  The  sulphides  of  iron,  zinc,  and  certain  other  metala  are  insol- 
uble in  water,  but  not  so  much  bo  as  the  last  class.  Hence  tliey  are 
decomposed  by  dilute  acids,  and  tlie  reverse  of  the  above  action  takes 
place  almost  completely.  These  sulphides  must  therefore  be  made, 
either  by  combination  of  the  elements,  or  by  adding  a  soluble  sulphide 
to  a  solution  of  a  salt : 


FeSO,  +  (5rH,)3Si=f  FeS  l  +  (NH.),SO,. 


4 


No  acid  is  produced  in  this  sort  of  interaction,  and  the  considerable 
insolubility  of  the  sulphide  of  iron  or  zinc  in  water  renders  the 
change  nearly  complete. 

3.  The  sulpliides  of  barium,  caJcium,  and  some  other  metals  (q-v,), 
although  insoluble  in  water,  are  hydi-olyzed  by  it,  and  give  soluble 
products  (see  p,  604) : 

2CaS  +  2H,0 1;  Ca(OH)j  +  Ca(8H),, 


Tliey  may  be  prepared  by  direct  union  of  the  elements,  and  from  the 
sulphates  by  reduction  with  carbon.  (For  the  application  of  the  above 
dilTerences  in  solubility  amongst  sulphides  in  chemical  analysis,  see 
end  of  Chap,  xxxvii.) 

The  soluble  acid  sulphides  are  oxidized  in  aqueous  solution  by  at- 
mospheric oxygen : 

2JfaSH  +  O5  ^  3NaOH  +  2S. 


M 


The  sulphur  is  not  precipitated,  but  combines  with  the  excess  of  the 
sulphide,  forming  polysulphidea  (see  below). 

Potf/itulphitleft.  —  When  sulphur  is  shaken  with  a  solution  of  a 
soluble  sulphide  or  acid  sulphide,  it  dissolves,  aiid  evaporation  of  the 
solution  leaves  substances  varying  in  composition  from  NajS,  to  Na,S|. 
Whether  those  containing  less  than  five  units  of  sulphur  are  mixtures 
of  the  pentasulphide  with  the  ordinary  sulphide  (Xa^S)  in  different 
proportions,  or  are  single  substances,  has  not  been  determined. 

When  an  acid  is  poured  into  sodium  pentasulphide  solution,  minute 
spherules  of  rhombic  sulphur  are  precipitated  : 

No,S»  +  2HC1  —  2NaCl  +  H^S  f  +  4S  j. 

When  tlie  order  is  reversed,  sodium  pentasulphide  being  throwra 
into  concentrated  liydrwhloric  acid,  no  hydrogen  sulphide  is  evolved, 
Bydiogen  pentasulphide,  H,8j,  a  yellow  oil,  falls  to  the  bottom  of  the 
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When  purified,  the  compouud  is  nearly  colorless.  Sulphur  dis- 
solves in  it  freely,  giving  a  yellow  aolutiou.  It  can  be  kept,  without 
change  when  dry,  but  contact  with  water  ciiuses  it  to  decompose  into 
hydrogen  sulphide  aud  sulphur. 

The  Chemicnl  Relations  of  the  Element,  —  In  combination  with 
metals  and  hydrogen,  sulphur  is  bivalent,  forming  compounds  like 
ILjS,  FeS,  CuS,  and  HgS.  In  combination  witb  non-metalR,  however, 
the  valence  is  frequently  greater,  the  inaxiumm  lieing  seen  in  sulpluir 
trioxide,  where  we  must  assume  that  the  suliibur  is  sexivalent.  Its 
oxides  are  acid-formiug,  and  it  is,  therefore,  a  non-metal. 

Sulphur  is  regarded  as  resembling  oxygen  more  closely  than  any 
of  the  other  elements  wf  /(five  stuJifd  sti  fut:  Both  unite  directly  with 
most  metals  and  non-metals.  In  this  they  are  like  chlorine.  But  hy- 
drogen chloride  is  highly  ionized  by  -water,  while  the  hydrogen  com- 
pounds of  oxygen  and  sulphur  are  feebly  ionized.  The  fomiuliB  of  the 
compounds  of  oxygen  and  sulphur  with  metals  are  similar,  CuO  and 
CuS,  NaOH  and  NaSH,  and  so  forth,  but  this  is  in  part  due  merely  to 
the  fact  that  both  elements  are  bivalent.  The  chemical  reseTnblance  of 
sulphur  to  selenium  aud  tellui'ium  (y.if.)  is  much  more  striking  than 
its  resemblance  to  oxygen. 

Exerci»efi, — 1,  The  freezing-point  of  pure  sulphur  is  found  to 
vary  from  119"  down  to  IH^,  depending  upon  the  temperature  to 
which  the  liquid  has  been  heated  and  the  speed  with  which  it  has  been 
cooled.    To  what  should  yon  suspect  this  variability  to  be  attributable  ? 

3.  How  could  the  decomjiosition  of  hydrogen  sulphide  at  310°  be 
rendered  («)  more  complete,  (li)  less  complete  ?  Would  the  percentage 
decomposed  be  affected  (a)  by  reducing  the  pressure,  (6)  by  mixing 
the  gas  with  an  indifferent  gas? 

3.  To  what  classes  of  ionic  actioi^  (p.  360)  do  the  interactions  of 
hydrogen  sulphide  solution  and  («)  oxygen  (p.  374),  (li)  acidified 
potassium  dichromate  (p.  374),  (c)  sodium  hydroxide  (p.  375),  (d) 
iodine  (p,  372),  belong  ? 

4.  Why  is  normal  sodium  sulphide  only  half  hy  drolyzed  by  water  ? 
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CHAPTEE    XXII 

THE    OXIDES    AND    OXYGEN    ACISS    OF    aiTLPHTJR 

FoOB  oxides  of  sulphur,  represented  bj  the  formulse  8^0,,  SO,, 
SO,,  and  8,0.,  are  known.  Of  these,  however,  the  first  and  the  last 
are  much  less  familiar  substances  than  the  other  two,  The  dioxide 
and  trioxide  of  sulphur  are  not  ouly  important  in  themselves,  but 
their  relation  to  the  acids  HjSO,  and  H^SO^,  which  may  be  obtained 
from  them  by  the  addition  of  water,  makes  them  doubly  so  to  the 
chemist. 


Preparation  of  Sulphur  DtoxMe.  —  When  sulphur  bams  in  air 
or  osygen,  sulphur  dioxide  is  produced  (p.  67).  IVhile  some  of  the 
sulphur  dioxide  used  in  commerce  is  prepared  in  this  manner,  the 
latter  part  is  probably  obtained  by  the  roasttoK  of  sulphur  ores. 
Pyrite  (FeSj),  for  example,  which  is  a  familiar  yellow,  metallic-look- 
ing mineral,  burns  when  it  has  been  raised  to  the  kindling  tempera- 
ture, OQ  account  of  the  large  amount  of  sulphur  which  it  c-ontaina 


4FeS,  +  110,  -*  2Fe,0.  +  880, 

It  should  be  noted  in  passing,  that  beating  and  roaating  are  dia- 
tinot  processes  in  chemisti'v.  The  latter  term  always  assumes  the 
aooesB  of  the  air  and  employment  of  its  oxygen;  the  former,  in  the 
abeenoe  of  modifying  words,  assumes  the  exclusion  or  the  chemical  in- 
difference of  the  air. 

Sulphur  dioxide  is  also  set  free  by  the  action  of  acida  upon 
sulphites.  Sulphuric  acid  and  a  strong  solution  of  sodium  sulphite 
may  be  used : 

Na,80,t5  2Na-+S0,' 
H,S0,  tfS0,"+2H' 


1 


}i^H,SO. 


fcf  H,0+80,  (diss'd)  j=±  80,  (gas). 


The  sulphurous  acid  being  only  moderately  ionized,  its  molecules  are 
formed  in  considerable  amount.  Being  also  very  unstable,  it  decom- 
poses apontaneously  into  water  and  sut|)hur  dioxide,  and  the  latter 
escapes  when  sufficient  water  for  its  solution  is  not  present, 
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In  the  laboratory,  sulphur  dioxide  is  frequently  maxle  bj"  the 
reduction  of  concentrated  sulphuric  acid.  Copper  is  the  metal  most 
cominonly  employed,  because  by  its  meaos  very  pure  sulphur  dioxide 
can  be  obtaiued.  More  active  metals,  such  as  iron  and  /inc,  although 
cheaper,  cannot  be  used,  since  they  reduce  the  sulphuric  acid  to 
hydrogen  sulphide.  The  undiluted  hydrogen  sulphate  consists  en- 
tirely of  molecules,  and,  at  the  high  temperatures  at  which  alone  the 
action  is  vigorous,  is  an  oxidizing  agent  (c/.  p.  97).  A  part  of  it  loses 
oxygen  to  form  water  with  the  hydrogen  of  another  molecule: 


H,SO.-»H,0-|-SO,(-|-0) 
(0)  +  H«SO,  +  Cu  -~*  H,0  +  CuSO^ 

2H,S0,  +  Cu  -►  2H,0  +  SO,  +  CuSO/ 


(1) 
(2J 


Some  easily  oxidized  non-metals,  such  as  carbon  and  sulphur,  act  in 
the  same  way : 

C  +  211,80,  -^  2H,0  +  2SO,  -f  CO,, 

S  +  2H,S0,  -*  2H,0  H-  3S0,. 

Phtf steal  Properties.  —  Sulphur  dioxide  is   a  gas  poaaessiBg  a 

penetrating  and  characteristic  odor.  This  is  frequently  siwken  of  as 
the  "odor  of  sulphur,"  but  it  should  be  remembered  that  sulphur 
itself  has  scarcely  any  smell  at  all.  The  weight  of  the  G.M.V.  of 
the  gas  (65.65  g.)  shows  it  to  be  more  than  twice  as  heavy  as  air. 
The  critical  temperature  is  ISO''.  By  means  of  a  freezing  mixture  of 
ice  and  salt,  the  gjis  is  easily  condensed  to  a  transparent,  mobile  fluid, 
which  boils  at  —8°,  At  20°  the  vapor  tension  of  the  liquid  is  3.25 
atmospheres.  The  liquid  may  be  frozen  to  a  white  solid,  melting  at 
—  TfJ'.  It  ionizes  substances  dissolved  in  it  as  well  as  does  water.  The 
solubility  of  the  gas  in  water,  5000  volumes  in  100,  is  veiy  great. 
Unlike  solutions  of  the  hydrogen  halides  (p.  182),  however,  the  liquid 
is  completely  freed  from  the  gas  by  boiling. 

Chemical  Properttes.  —  Sulphur  dioxide  is  stable,  being  decom- 
posed only  by  thf  uHe  of  a  very  high  temperature. 

It  unites  with  water  to  form  sulphurous  acid,  H^SO,.  Although 
the  gas  itself  sometimes  receives  this  name,  it  is  not  acid  :  it  is  simply 
the  anhydride  (p.  71)  of  the  acid. 

Since  the  maximum  valence  of  sulphur  is  6,  sulphur  dioxide,  in 
which  but  four  of  the  valences  of  aidphur  are  used,  is  unaaturated. 
It  is  therefore  stUl  able  to  combine  directly  with  suitable  elements. 
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■och  M  eblorine  and  oxvgen.     Wben  it  is  mixed  with  chlorine  in  san- ' 
light,  a  liquid,  sulpliuijl  chlovide  SO^Cl,  is  produced. 

Li4juefi«d  salphor  dioxide  is  now  sold  in  tin  cans,  and  is  employed 
for  bleachtng  strav,  wool,  and  silk.  As  a  disinfectant  it  has  be«n 
displaced  to  a  large  ext«nt  by  formaldehyde. 


I'repnraUim  of  Sulphur  Triojcide, —  Although  the  formaticmof 
salphnr  trioxide  SO,  is  acconiiianied  by  the  liberation  of  much  heat, 
sulphur  dioxide  and  oxygen,  even  when  heated  together,  unite  very 
slowly.     Ozone,  however,  combines  with  the  former  readily. 

The  interaction  of  sulphur  dioxide  and  oxygen  is  hastened  by 
many  stilKitances,  such  as  glass,  porcelain,  ferric  oxide,  and,  more 
esjjecially,  finely  divided  platinum,  which  rem^n  themselves  un- 
changed and  simply  act  as  catalytic  agents.  The  "contact  process," 
as  this  is  called,  has  been  rendered  available  for  the  commercial 
manufacture  of  sulphur  trioxide  by  Kntetsch  (1901).  The  chief 
filatures  of  the  process  are  :  (1)  The  complet«  removal  of  arsenious 
oxide  and  other  impurities  derived  from  the  burning  of  crude  pyrite, 
the  tninuteat  traces  of  which  poison  the  catalytic  agent  and  soon 
render  it  absolutely  inoperative.  (2)  The  preliminary  passage  of  the 
cold  mixture  of  gases  over  the  outside  of  the  pipes  containing  the 
contact  agent.  This  removes  part  of  the  heat  generated  by  the  ac- 
tion, S< I, -H  0^2  SO,  +  22,600  cal.,  going  on  inside,  and  keeps  the 
temperature  of  the  interior  at  400^.  Below  400°  the  union  is  too 
slow  ;  above  400%  being  reversible,  it  is  incomplete.  At  400',  98-99 
per  cent  of  the  materials  unite  ;  at  700°,  only  60  per  cent,  at  900'  none. 
Twice  the  quantity  of  oxygen  theoretically  needed  is  employed.  The 
v&porous  pi-oduct  is  condensed  by  being  led  into  97-99  per  cent 
sulphuric  acid,  and  the  concentration  of  the  liquid  is  constantly 
maintained  at  this  point  by  the  regulated  influx  of  water.  The 
trio:(ide  is  thus  chiefly  used  for  immediate  conversion  into  sulphuric 
ar:)d. 

Formerly  sulphur  trioxide  was  obtained  by  the  distillation  of 
im|iiire  ferric  sulphate,  Fej(.SO,),  — *  Fe,*  >,  +  3S0,.  It  may  also  be 
prepared  by  repeated  distillation  of  concentrated  sulphuric  acid  with 
a  powerful  drying  agent,  like  phosphoric  anhydride. 

tPhffMlettl  t'rnpertten. —  Sulphur  trioxide  SO,  is,  at  ordinary  tem- 
jpjfttures,  fluid.  The  crystals,  obtained  by  cooling,  melt  at  14. 8**. 
The  liquid  boils  at  4(3°,  and  is,  therefore,  exceedingly  volatile  at  ordi 
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nary  temperature.  It  fumes  strongly  when  exposed  to  the  air,  in  poii- 
sequence  of  the  union  of  the  vapor  with  moisture  and  the  production 
of  miuute  drops  of  sulphuric  acid. 

A  white  crystalline  variety  of  the  aiibatance,  whiuh  in  ftppearance 
closely  I'esembles  asbestos,  is  obtained  when  a  trace  of  water  has 
gained  access  to  the  oxide.  It  is  a  polymer  (p,  242)  of  the  above 
liquid,  having  twice  its  molecular  weifjrht,  and  therefore  the  formula 
(80,)^,  When  heated  at  60'  this  polymer  begins  to  dissociate  and 
paaaea  into  vapor  of  SO,  without  melting.  This  white  solid  is  the 
more  stable  and  more  familiar  form  of  the  trioxide. 

Chemical  JPropertie», —  The  vapor  of  sulphur  trioxide  disso- 
ciates above  400°  into  sulphur  dioxide  and  oxygen. 

Sulphur  trioxide  is  not  itself  an  acid,  but  it  is  the  anhydride  of 
sulphuric  acid.  When  placed  in  water  it  unites  vigorouily,  causing 
a  hissing  noise  due  to  the  steam  produced  by  the  heat  of  the  union. 
In  consequence  of  its  great  tendency  to  combine  with  water,  the  liquid 
variety,  which  is  the  more  active,  removes  the  elements  of  this  sub- 
stance from  materials  which  contain  them  in  the  proper  proportions. 
Thus  paper,  which  is  largely  cellulose,  (C^HuO,)^  and  sugar,  C',jHjjO,„ 
are  charred  by  it,  and  carbon  is  set  free. 

Just  as  sulphur  triox-ide  unites  with  water  to  give  hydrogen  sul- 
phate, so  it  combines  vigorously  with  many  oxides  of  metals,  produ- 
cing the  corresponding  sulphates;  i 

H,0-|-S0,£5H,S0„  CaO-|-SO,-+CaSO«. 

The  union  of  an  oxide  of  a  non-metal  with  the  oxide  of  a  metal,  in 
this  fashion,  is  a  general  method  of  obtaining  salts  (ef.  p.  364). 

Oxygen  Acidit  of  S«ip/iMr.— Sulphurous  and  sulphuric  acids 
have  been  mentioned  frequently  already.  Next  to  them  in  importance 
come  thiosulphuric  acid  and  persulphuric  acid.  The  compositions  of 
the  acids  show  their  relationships  : 

Hyposulphurous  acid,  HjSjO^         Thiosulphuric  acid,  H^S^O, 
Sulphurous  acid,  H,SO,  Persulphuric  acid,    HjSjO^ 

Sulphuric  acid,  H,SO^ 

Thiosulphuric  acid  (Gk.  6tTov,  sulphur)  is  so  named  because  it  con- 
tains one  unit  of  sulphur  in  place  of  one  of  the  units  of  oxygen  of 
1       sulphuric  acid.    Besides  the  above  we  have  also :  Dithionio  acid  HjS,()(, 
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tvithionic  acid  HjSjO,,  tetrathionic  acid  HjS^Oj,  and  pentathionic  acid 

Od  account  of  its  commercial  importance  and  the  interest  attach- 
ing to  its  method  of  manufacture  and  to  its  properties,  we  may  first 
discuss  sulphuric  acid.  We  shall  then  be  able  to  dispose  of  the  re- 
maining acids  in  a  much  briefer  fashion. 


SCLPHTTKIO   ACLD. 

Although  salts  of  sulphuric  acid,  such  as  calcium  sulphate,  are  ex- 
ceedingly plentiful  in  nature,  the  preparation  of  the  acid  by  chemi- 
cal action  upon  the  salts  is  not  practicable.  The  sulphates,  indeed, 
interact  with  all  acids,  but  the  actions  are  rcTersible.  The  comple- 
tion of  the  action  by  the  plan  uaed  in  making  hydrogen  chloride 
(p.  180),  involving  the  removal  of  the  sulphuric  acid  by  distillation, 
would  be  difficult  on  account  of  the  involatility  of  this  acid.  It  boils 
at  330°;  and  active  acids,  less  volatile  still,  which  might  be  used  to 
liberate  it,  do  not  exist.  We  are  therefore  compelled  to  build  up  sul- 
phuric acid  from  its  elements. 

The  union  of  sulphur  dioxide  and  oxygen  "by  the  contact  process, 
and  combination  of  the  trioxide  with  water  (p.  380),  is  the  best  method 
for  making  a  highly  concentrated  acid.  For  obtaining  ordinary  "  oil 
of  vitriol,"  however,  an  entirely  different  plan  is  stilt  used  extensively. 

Htatofy  of  Sulphuric  Aeid  ManHfacture.  — -  Impure  forms  of 
sulphuric  acid  have  been  known  for  many  centuries.  In  the  fifteenth 
century  it  was  made  by  distilling  ferrous  sulphat,e  with  sand.  The 
product,  however,  contained  much  water  and  sulphur  dioxide.  The 
first  successful  preparation  of  the  substance  commercially  was  made 
by  Wai'd  at  Richmoud-on-the-Thamea  (1758).  The  process  consisted 
iu  burning  a  mixture  of  sulphur  ami  saltpeter  (KNOg)  in  a  ladle 
suspended  in  a  large  glass  globe  partially  filled  with  water.  The 
gases  which  were  evolved  contained  large  quantities  of  sulphur 
dioxide  and  oxides  of  nitrogen,  which  by  interaction  with  atmospheric 
oxygen  and  water  (see  below)  produced  the  sulphuric  acid.  The  solu- 
tion which  was  obtained,  although  it  could  lie  prepared  of  any  desired 
concentration  by  the  burning  of  a  sufficient  number  of  charges,  was 
far  from  pure  and  was  expensive,  bringing  thirteen  shillings  ($.3.2.'i) 
per  pound.     Subsetjuently  a  chamber  lined  with  lead  was  substituted 
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for  the  glass  vessel.  This  reduced  the  price  to  about  two  sliillings 
and  sixpeuce  (SO. 60)  per  pound.  The  same  pi-moiples  are  used  m 
the  modern  "  chamber  process." 

ChemiMrff  of  the  Chambef  Process. —  The  gases,  the  interac- 
tions of  whioh  result  in  the  formation  of  sulphuric  acid,  are:  water 
vapor,  suljihur  dioxide,  nitrous  anhydride  NjO,  {q.v.),  and  oxygen. 
These  are  obtained,  the  first  by  injaotion  of  steam,  the  second  usually 
by  the  burning  of  pyritft,  tlie  third  from  nitric  ac^id,  and  the  fourth  by 
the  introduction  of  air.  The  gases  are  thoroughly  mixed  in  large 
leaden  chambers,  and  the  sulphuric  acid  condenses  and  collects  upon  the 
floors.  In  spite  of  elaborate  investigatious,  instigated  by  the  exten- 
sive scale  upon  which  the  manufacture  is  carried  on  and  the  immense 
financial  interests  involved,  some  uncertainty  still  exists  in  regard  to 
the  precise  nature  of  the  chemical  changes  which  take  place.  Accord- 
ing to  Lunge  the  greater  part  of  the  product  is  formed  by  two  succes- 
sive actions,  the  first  of  which  yields  a  complex  compound  that  is 
decomposed  by  excess  of  water  in  the  second : 


A 


H,0  +  2S0,  +  N,0.  -I-  0, 


(1) 


^^ 


The  group  —  NO  is  found  in  many  compounds.  Here,  if  it  were  dis- 
placed by  hydrogen,  sulphuric  acid  would  result.  Hence  this  com- 
pound is  called  tutrost/f^uljihurk  acid; 

280,<°:"o  +  H,0^2S0,<^J|  -hN,0,  (2) 


e  equations  (1)  and  (2)  are  not  partial  equations  for  one  inter- 
action, but  represent  distinct  actions  which  can  he  carried  out  sepa- 
rately. In  a  properly  operating  plant,  indeed,  the  nitrosyleulphuric 
acid  is  not  observed.  But  when  the  supply  of  water  is  deficient,  white 
"  chamber  crystals,"  consisting  of  this  substance,  collect  on  the  walls. 

The  explanation  of  the  success  of  this  seemingly  roundabout 
method  of  getting  sulphuric  acid  is  as  follows :  The  direct  union  of 
sulphur  dioxide  and  water  to  form  sulpliurous  add  is  rapid,  but  the 
action  of  free  oxygen  ujwn  the  latter,  2HjS0j  +  Oj  — »  2HjS0„  is  ex- 
ceedingly slow.  Beaching  sul|>huric  acid  by  the  use  of  these  two 
changes,  although  they  coustitute  a  direct  route  to  the  result,  is  not 
feasible  in  practice.  On  the  other  hand,  both  of  the  above  actions, 
(1)  and  (2),  happen  to  be  much  more  speedy,  and  so,  by  their  use, 
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more  rapid  production  of  the  desired  substance  is  secured  at  the  ex 
pense  of  a.  slight  complexity.  It  may  be  added  that  the  beat  finally 
given  out  in  the  formation  of  one  formula-weigbt  of  sulphuric  acid  is 
exactly  the  same  in  amount  whether  nitrous  anhydride  intervenes  or 
not  (cf.  p.  78). 

The  progress  of  the  first  action  is  marked  by  the  disappearance  of 
the  brown  nitrous  anhydride,  and,  ou  the  introduction  of  water,  the 
completion  of  the  second  results  in  the  reproduction  of  the  same  sub- 
stance. It  would  thus  seem  as  if  the  nitrous  anhydride  should  take 
part  an  indefinite  number  of  times  in  these  changes  and  so  facilitate 
the  conversiou  of  an  unlimited  amount  of  sulphur  dioxide,  oxygen, 
and  water  into  sulphuric  acid,  without  impairment  of  its  quantity. 
In  practice,  however,  certain  subsidiary  actions  take  place,  such  as, 
for  example,  the  reduction  of  some  nitrous  anhydride  to  nitrous  oxide 
(NjO),  which  permanently  remove  a  part  of  the  material  from  parti- 
cipation in  the  cycle. 

The  supply  of  nitrous  anhydride  is  maintained  by  the  introduction 
of  nitric  a^id  vapor  into  the  chamber.  This  acid  is  secured  by  the 
action  of  concentrated  sulphuric  acid  upon  commercial  sodium  nitrate 
NaNO,: 

NaNO.-fHjSO,  ^  KNOJ  -FNaHSO,. 


On  account  of  the  volatility  of  the  nitric  acid,  a  moderate  heat 
sufficient  to  remove  it  from  admixture  with  the  other  substances,  and 
its  vapor  is  swept  along  with  the  other  gases  into  the  apparatus.  The 
initial  at:tion  which  the  nitric  acid  undergoes  may  be  represented  by 
the  following  equation : 

H,0  +  2S0,  -I-  2HN0,  -»  2H,S0,  -|-  NjO,. 

We  may  write  this  in  the  form : 

H,0  -F-  2S0,  -I-  H,0,N,0.  -»  2H,S0.  +  K,0,. 

The  two  molecules  of  water,  one  actually,  the  other  potentially,  pres- 
ent, with  the  two  molecules  of  sulphur  dioxide,  can  furnish  two 
molecules  of  sulphurous  acid  (H,SO,).  The  X,0,  in  passing  to  the 
condition  N,Oj  gives  up  the  two  units  of  oxygen  required  to  convert 
this  sulphurous  acid  into  sulphuric  acid. 

It  should  be  remarked  that  we  shall  later  find  nitrous  anhydride 
to  be  an  unstable  substance,  which,  in  the  gaseous  form,  is  composed 
largely  of  the  products  formed  by  its  dissociation,  N,0,  ^  NO,  +  NO. 
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For  the  purpose  of  understanding  its  present  use,  however,  it  is  not 
necessary  to  consider  this  particular  fact.  The  whole  behaves  as  if  it 
contained  nothing  but  NjO,. 

Details  of  the  Chamber  Proee»»,  —  The  sulphur  dioxide  ia 
produced  in  a  row  of  small  furnaces  A  (Fig.  84),  the  structure  of 
which  depends  upon  the  nature  of  the  substance  employed  to  yield 
this  fondamental  constituent  of  sulphuric  acid.  When  good  pyrite 
ia  used,  the  ore  burns  unassisted  (p.  42),  while  impure  pyrite  and 
zinc-blende  ZnS  have  to  be  heated,  to  a  greater  or  less  degree,  artifi- 
cially to  maintain  the  combustion.  The  gases  from  the  various  furnaces 
pass  into  one  long  dust  flue,  in  which  they  are  mingled  with  the  proper 
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proportion  of  air,  and  have  an  opportunity  to  deposit  oxides  of  iron 
and  of  arsenic  and  other  materials  which  they  transport  mechanically. 
From  this  flue  they  enter  the  Glover  tower  G,  in  which  they  acquire 
the  oxides  of  nitrogen.  Having  secured  all  the  necessary  constituents, 
excepting  water,  and  having  been  reduced  veiy  cousidei-ably  in  tem- 
perature, the  gases  next  enter  the  first  of  the  lead  chambers.  These 
are  large  structures,  from  three  to  five  in  number,  constructed  com- 
pletely of  sheet  lead.  They  vary  in  size,  measuring  as  much  as  100 
X  40  X  40  feet,  and  sometimes  having  a  total  capacity  of  150,000  to 
200,000  cubic  feet.     As  the  gases  drift  through  these  chambers  they 
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an  thfMfMfibif  aixed,  aad  am  aaoonk  of  vatcr  eonadetaUf  in  i 
«<  that  atHaatij  required,  is  iajttuA  ta  tbe  foKK  <i<  steam  at  Tanam 
fMobi.  TIm!:  teiaperatDre  in  the  fint  efaamiier  is  Maintained  at  aSF  to 
<te»^,  winl«  in  tfae  last  chamber  it  is  aboat  15'  above  that  of  the  out- 
side air.  Tbe  acid,  along  with  tbe  exeesa  ct.  water,  eaodenses  and 
eoiW^  ofiOD  the  floor  of  tiK  chamber,  while  the  onnaed  ffoeSj  con- 
sistiBg  chierflj  of  nitrnms  anhydride  and  a  rerj  large  amount  of  nitro- 
gen, derived  from  the  air  originallj  aAmittM^^  find  an  exit  into  the 
(hij-hamaK  town  L. 

This  is  a  Utwn  aitavX  fifty  feet  in  height,  filki^  with  tiles,  orer  which 
nfm»!iitT7A*A  snlphorif:  acid  continiially  trickles  from  a  reserroir  at 
the  t/>p.  'Hie  object  of  this  tower  is  to  catch  the  nitrons  anhydride 
and  enable;  it  Xt*  be  nimpifiyed  in  the  process.  This  is  accomplished 
by  a  rerersal  of  ztxifta  (2)  above.  The  acid  which  accomolates  in  tbe 
vessel  at  tlie  hfAtmn  ot  this  tower  contains  the  nitrosvlsolpharic  acid, 
and  by  means  of  compressed  air  is  forced  thioogh  a  pipe  ap  to  a 
vessel  at  the  top  of  the  Glover  tower  G.  When  this  "  nitrous  vitriol " 
is  raixerl  with  dilute  sulphuric  acid  from  a  neighboring  vessel,  by 
alU/wing  br;th  to  flow  down  into  the  tower,  the  nitrous  anhydride  is 
tiW'As  more  set  free  by  the  interaction  of  the  water  in  the  dilute  acid 
(nt^vm  (2)).  'Die  Glover  tower  is  filled  with  broken  quartz  or  tiles, 
and  the  heat»;<l  gases  from  the  furnace  acfjuire  in  it  their  supply  of 
nitrous  anhydride.  Their  high  temjjerature  causes  a  considerable 
«/ncentration  of  the  diluted  sulphuric  acid  as  it  trickles  downward. 
Tlie  acid,  after  traversing  this  tfjwer,  is  sufficiently  strong  to  be  used 
otiix  more  for  the  absorption  of  nitrous  anhydride.  To  replace  the 
nitrous  anhydride  inevitably  lost  by  reduction  to  nitrous  oxide  and 
fAlierwise,  fresh  nitric  af;id  is  furnished  by  small  open  vessels  N, 
C/onUiining  s/xlium  nitrate  and  sulphuric  acid,  placed  in  the  flues  of  the 
pyrite-lmniers.  Alx»ut  4  kg.  of  the  nitrate  are  consumed  for  every 
UH)  kg.  of  sulphur. 

The  immense  size  of  the  chambers  is  necessitated  by  the  fact  that 
the  chemical  acrtion,  although  much  quicker  than  the  direct  oxidation 
of  8ul|)hurous  a<;id,  is  after  all  rather  slow.  The  presence  of  the  large 
amount  of  atmospheric  nitrogen,  which  diminishes  the  concentration  of 
all  the  intcpiicting  sulmtances,  partly  accounts  for  this  slowness.  The 
acid  whir;h  accumulates  upon  the  floors  contains  but  60  to  70  per  cent 
of  Huli»liurio  atiid,  and  has  a  specific  gravity  of  1.6-1.62.  The  excess  of 
water  is  used  to  facilitate  the  second  action.  It  is  required  also  in 
order  tliat  the  acid  upon  the  floor  may  not  afterwards  absorb  and 
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retain  the  nitrous  anhydride,  for  this  substance  combines  with  an  acid 
containing  more  than  70  per  cent  of  hydrogen  sulphate. 

This  crude  sulphuric  acid  is  applicable  directly  in  some  chemical 
manufactures,  such  as  the  preparation  of  superphosphates  (q.t>-)-  In 
most  caaea,  however,  a  more  concentrated  sulphuric  acid  is  required. 
The  concentration  is  effected  in  the  first  place  by  evaporation  in  pans 
liDed  with  lead,  which  are  frequently  placed  over  the  pyrite-burnerB  in 
order  to  economize  fuel.  The  evaporation  in  lead  is  carried  on  until  a 
specific  gravity  1.7,  corresponding  to  77  per  cent  concentration,  is 
reached.  Up  to  this  point  the  sulphate  of  lead  formed  by  the  action 
of  the  sulphuric  acid  produces  a  crust  which  protects  the  metal  from 
further  action.  The  insoluble  sulphate  of  lead,  however,  becomes 
more  soluble  in  sulphuric  acid  the  more  concentrated  it  is,  and  the 
higher,  therefore,  its  iKjiliug-point.  For  some  applications  of  the  acid, 
concentration  beyond  this  point  is  not  needed.  \Yhen  a  stronger  acid 
is  required,  the  water  is  usually  driven  out  by  heating  the  sulphuric 
acid  in  vessela  of  glass  or  platinum.  Commercial  sulphuric  acid,  oil  of 
vUriol,  has  a  specific  gravity  1.8S-1.84,  and  contains  about  93.5  per 
cent  of  sulphuric  acid. 

In  modern  sulphuric  acid  plants,  the  concentration  beyond  the 
specific  gravity  1.77  is  frequently  carried  out  in  vessels  of  cast  iran,  as 
that  metal  is  attacked  to  an  appreciable  extent  only  by  acida  of 
lower  specific  gravity. 


Phf/Hieal  Properties,  —  Pure  hydrogen  sulphate  has  a  sp.  gr. 
l.S,-!  at  15°.  When  cooled,  it  crystallizes  (in.-p.  10').  At  150^-18(P 
the  acid  begins  to  fume,  giving  off  sulphur  trioxide.  At  330°  it  boils. 
The  100  per  cent  acid  gives  off  sulphur  trioxide,  and  the  dilute  acid 
water,  until  a  mixture  of  constaut  composition  (98.3.3  per  cent)  and 
constant  b.-p.  330''  is  formed.  This  distils  witli  unchanged  compo- 
sition (rf.  p.  182),  The  vapor,  however,  contains  34  per  cent  of  the 
material  in  the  form  of  water  and  sulphur  trioxide,  which  reunite 
when  cooled. 

When  hydrogen  sulphate  is  mixed  with  water  a  considerable  evolu- 
tion of  heat  takes  place.  This  heat  receives  progressively  diminishing 
increments  as  more  water  is  added,  until  a  very  great  dilution  has  lieen 
reached.  The  total  is  19,400  cal.  This  heat  of  solution  has  not  been 
accounted  for  quantitfttively  (cf.  p,  16/>) ,  but  a  part  of  it  is  due  to  the 
heatgiven  out  in  connection  with  the  ionization  of  thehydrogen  sulphate. 
The  solution  is  thus  much  more  stable  (i.e.,  it  contains  much  less  energy) 
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than  the  pure  sabstance,  and  hence  the  latter  absorbs  water  greedily. 
Many  substauces  containing  hydrogen  and  oxygen  are  deprived  of 
equivalent  amounts  uf  these  elements  by  sulphuric  acid,  just  as  they  are 
by  sulphur  trioxide  (p.  381).  The  same  tendency  is  enlisted  to  promote 
chemical  actions  in  which  water  is  formed,  particularly  in  connectiOB 
with  the  manufacture  of  nitroglycerine  (?.«.),  gnn-cotton  (y.w.),  imd 
estera  (y.i'.). 

Impurltlei*.  —  Commercial  sulphuric  acid  is  frequently  brown  in 
color  on  account  of  the  presence  of  fragments  of  straw  which  have 
become  charred  and  finally  completely  disintegrated.  It  contains  also 
lead  sulphate,  which  appears  as  a  precipitate  wheu  the  at^id  is  diluted, 
as  well  aa  arsenic  trioxide  and  oxides  of  nitrogen  in  combination,  and 
many  other  foreign  substances  in  small  quantities.  The  pure  sul- 
phuric acid  employed  in  chemical  laboratories  has  received  special  treat- 
ment for  the  removal  of  these  ingredients. 

Chemirttl  P  rope  ft  lea  of  Ilydroffen  Sulphate,  —  The  compound 
is  not  exceedingly  stable,  for  dissociation  into  water  and  sulphur  triox- 
ide  begins  far  below  the  boiling-point  (rf.  p.  387),  and  is  practically 
complete  at  416°,  as  is  shown  by  the  density  of  the  gas.  ^Ylien 
raised  suddenly  to  a  red  beat  it  is  broken  up  completely  into  water, 
sulphur  dioxide,  and  oxygen. 

Wiicn  mixed  with  a  small  quantity  of  water  and  cooled  strongly  it 
gives  a  crystalline  monohydrate  H^SO,,  HjO,  which  melts  and  is  restilved 
into  its  constituents  at  8°.  Possibly  this  should  be  regarded  as  a  differ- 
ent sulphuric  acid,  H^SO^  (rf.  p.  1178). 

Wheri  sulphur  trioxide  is  dissolved  in  hyslrogen  sulphate,  dUuI- 
phurlc  acid  lI.jS,0„  a  solid  compound,  is  obtained.  Hydrogeu  sulphate 
containing  80  per  cent  of  disulplmric  acid  is  known  as  '•  oleum,"  and  is 
employed  in  chemical  industries.  The  old  "  fuming,"  or  "  Nordhau- 
sen  "  sulphuric  acid  contained  10-20  per  cent  of  extra  sulphur  triox- 
ide. The  salts  of  disulphuric  acid  may  be  made  by  strongly  heating 
the  acid  sulphates,  for  example : 

2NaHS0,  ^  Na^SjO,  +  H^O  f. 

In  view  of  this  mode  of  preparation  by  the  aid  of  beat,  they  are  fre- 
quently known  as  pyrosulphatea  (Gk.  irvp,  Jii'e).  When  they  are  dis- 
solved in  water,  the  acid  sulphates  are  reproduced. 

On  account  of  the  large  quantity  of  oxygen  which  hydrogen  sul- 
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phate  containa,  and  its  instability  when  heated,  it  behaves  as  an  oxi- 
dizing agent.  This  property  has  already  been  illustrated  in  connection 
with  the  action  of  the  acid  upon  oarbon  and  sulphur  (p.  379)  and  upon 
copper  {p.  379),  hydrogen  sulphide  (p.  374),  zinc  (p.  9fi),  and,  partion- 
larly,  hydrogen  ioiiide  (p.  237)  and  hydrogen  bromide  (p.  231).  The 
sulphuric  acid  is  in  consequence  reduced  to  sulpjnu-  dioxide,  and  even 
to  free  snlphur  or  hydrogen  sulphide.  The  metals,  -from  the  most 
active  down  to  silver  (p.  362),  are  capable  of  reducing  it.  Gold  and 
platinum  alone  are  not  attacked,  and  hence  their  use  in  making  sul- 
phuric acid  stills.  Free  hydrogen  itself  is  oxidized  to  water  when 
passed  into  hydrogen  sulphate  at  160°: 

SO,(OH).  +  H,  ^  SO,  +  2H,0. 

With  salts  which  it  does  not  oxidize,  hydrogen  sulphate  reacts 
by  double  decomposition  and  sets  free  the  corresponding  acid.  The 
actions  are  always  reversible  ones ;  but  where  the  new  acid  is  volatile, 
as  in  the  case  of  hydrogen  chloride  (p.  180),  we  are  furnished  with 
oae  of  the  cheapest  means  of  preparing  acids. 

Since  hydrogen  sulphate  is  dibasic,  that  is,  since  it  has  two  units 
of  hydrogen  which  may  bo  replaced  by  a  metal,  it  forms  both  acid 
and  neutral  salts. 


Chemical  Properties  of  Aqueous  Hydrogen  Sulphate.  —  The 

solution  of  sulpliurii'  acid  is  a  mixture  whose  components  are  :  undisso- 

ciated  molecules  ILSO^,  hydrion  H',  hydros ulphanion  HSO/,  and  Bul- 

Lphaninn  SO/'.     The  chemical  properties  shown  by  the   solution   are 

'■thoBe'of  one  or  other  of  these  components,  according  to  circumstances. 

Except  in  concentrated  solutions  (normal  or  stronger)  the  oxidizing 

effects  of  the  undissoctated,  molecular  substance  are  not  encountered. 

The  temperature  of  the  diluted  acid,  even  when  boiling,  is  not  high 

enough  for  the   purpose.     In  fairly  strong  solutions  hydrosulphanion 

is  plentiful  and  shows  itself  in  the  results  of  electrolysis  (see  p.  397). 

The  presence  of  hydrion  is  shown  by  all  its  usual  properties  (p. 3-15). 

In  the  following  table  the  proportion  of  the  whole  of  the  hydrogen 

existing  in  the  form  of  hydrion  (column  five)  and  its  concentration 

(column  six),  taking  a  normal  solution  of  hydrion  containing  1  g,  per 

liter  as  standard,  are  shown  ('/.  pp.  149  and  329).     The  first  three 

columns  give  the  concentration  of  the  sulphuric  acid  as  a  whole,  in 

terms  (first  column)  of  the  volume  of  liquid  containing  one  equivalent 

(•JHjSOj  =  49  g.)iiii  terms  (second  column)  of  a  normal  solution  as 


I 
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standard,  and  by  per  cent  (third   column),  resf»ectively. 
column  shows  the  t-onJuctivity  {p.  328). 


V 

H,SO. 

P«»  C«JtT 
H,80.. 

A> 

*•/*• 

H* 

0.1 

ION 

;i8.oo 

70 

0.18 

1.8  N 

1 

N 

4.79 

^m 

o.ai 

0.61  N 

10 

(KI  N 

0.48 

225 

o.ca 

0.068  N 

100 

0.01     N 

o.or, 

308 

O.Tit 

0.0(»70  N 

1000 

0.001  N 

0.005 

301 

o.ai 

0.00063  N 

CO 

0 

0.00 

3S8 

1.00 

0.00 

Column  5  thus  states  that  in  a  normal  solution  51  per  cent,  and  in  a 
eenti-uormal  solution  79  per  cent  of  the  hydrogen  is  ionie. 

Sulphanion  SO,"  unites  with  till  positive  ions.  The  product,  when 
insoluble,  appears  as  a  pretnpitate.  The  introduotioii  of  barium  ions, 
for  example,  by  adding  a  solution  of  barium  nitrate  or  ehloride,  is  em- 
ployed as  a  means  of  recognizing  the  prei^ence  of  sulphanion : 

Ba"  +  SO/'p±BaSO,J. 

Naturally  this  test  is  given  by  solutions  of  all  soluble  acid  and  normal 
sulphates.  Siupe  there  are  other  barium  salts  whi(;h  are  insoluble  in 
water,  lint  no  common  ones  which  are  not  decomposed  by  acids,  dilute 
nitric  aeid  is  tirst  ad<led  to  the  solution  supposed  to  contain  tiie  sul- 
phanion. The  other  ions,  if  present,  then  give  no  precipitate  with 
barion, 

Sulpfintes.  —  The  acid  aulphates,  known  also  as  hkulphatts,  may 
be  produced  either  ij>y  semi-neutralization  of  suljihurio  acid  with  a 
base,  followed  by  evaporation  :  NaOH  +  HjSO,*^  1J,0  -}-  Is'riUSO^,  or 
by  actions  in  which  another  acid  is  displaced,  as  in  making  hydrogen 
chloride  (p.  179). 

The  neutral  (or  normal)  sulphates  are  obtained  by  complete  neutral- 
ization and  evaporation,  or  by  the  second  of  the  above  roethoils  when 
a  sufficient  amount  of  the  salt  and  a  higher  temperature  are  used ; 

NaCl  +  NaHSO^izi  Na,80,+HClf . 

They  are  often  made  also  by  precipitation,  by  oxidation  of  a  sulphide 
at  a  high  temperature,  PbS+20,  — >  PbSO,,  or  by  a*lilition  of  sulphur 
trioxide  to  the  oxide  of  a  metal  (p.  381). 

Aeid  sulphates,  when  heated,  yield  pyrosulphates  (p.  388),  Normal 
sulphates  of  the  heavy  metals  decompose  at  a  white  beat,  giving  oS 
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sulphur  ti-ioxide  (p.  380),  The  sulphates  of  potassium,  sodium,  aud 
others  of  the  more  active  metals,  however,  are  not  affected  by  heating. 
When  a  sulphate,  or  indeed  any  salt  of  a  sulphur  acid,  is  heated 
strongly  with  carbon,  the  oxygen  is  removed  and  a  sulphide  remains  : 
NajSO,  +  4G  — »  N%S  +  4C0.  Upon  this  is  founded  a  general  teat  for 
the  presence  of  sulphur  Jn  any  substance.  The  material  to  be  tested  is 
mixed  with  sodium  carbonate.  A  small  amount  of  the  mixture  is 
placed  on  the  end  of  a  match,  which  has  been  chai'red  and  rendered 
partiaDy  incombustible  by  previous  application  of  sodium  carbonate. 
When  the  end  of  the  match  is  now  held  in  the  reducing  part  of  the 
Bunsen  flame,  the  compound  of  sulphur,  if  it  contains  oxygen,  is 
reduced  to  the  form  of  sulphide.  This,  by  interaction  with  the  carbon- 
ate, gives  sodium  sulphide,  Na^S.  When  the  product  of  the  reduction 
is  placed  upon  a  silver  coin  and  moistened,  the  sodium  sulphide,  if 
present,  produces  a  black  staiu  of  silver  sulphide.  This  is  known  as 
the  hepar  test,  hepar  being  an  old  name  for  a  sulphide. 

CoHtifUution  of  Uydrayen  Sttlpftnte.  —  The  formula  which  we 

aesign  to  sulphur  trioxide  ta  0=S  ^     ■      It  is  in  general  our  desire 

to  use  the  smallest  possible  valence,  but  here  no  reduction  can  be 
effected  l>elow  the  value  6  for  the  sulphur,  unless  we  join  the  oxygen 

units  to  one  another,  as  in  the  formula  0  =  S     V .   Tliis,  however,  would 

SO 

suggest  a  relationship  to  hydrogen  peroxide,   i      •     •  which  is  not  con- 

O      ri 
^firmed,  for  hydrogen  peroxide   cannot  be  made  from   sulphuric  acid. 

■Assuming,   therefore,    the   above    formula  for   sulphur  trioside,   the 

addition  of  the  elements  of  water  to  it  in  the  simplest  fashion  results 

in  the  stnictures : 

0  V   I   ^O  IT-0^        O 

^Sf  or  ^Sf 

H 

The  second  of  these  two  modes  of  disposing  of  the  water  is  the  one 
■which,  in  parallel  cases,  is  usually  most  feasible.  Hardly  any  alter- 
native to  it  is  possible,  for  example,  in  representing  the  action  in 
which  quicklune  is  slaked  (p.  119) : 

H,0-|-  O^Ca  —  ""^'^Ca. 
H-O'' 


. 


k 


This  represents  the  change  with  little  derangement  of  the  original 
stiiK'ture  aud  without  alteration  in  ttie  valence,  while  the  first  unwar- 
rantably iucreaaea  the  valence  to  ten.  There  are  other  objections  to 
the  iirst  formula.  In  it  the  hydrogen  is  .supposeil  to  unite  more 
immediately  with  the  sulphur,  whereas,  when  the  free  elements  are 
eoucerned,  hydrogen  actually  combines  more  readily  with  oxygen,  and 
forms  a  more  stable  compound  with  it  than  with  sulphur.  Again, 
compounds  like  hydrogen  sulphide,  H  — S— H,  in  which  the  hydrogen  is 
undoubtedly  united  to  sulphur,  are  but  slightly  ionized,  and  are  feeble 
acids,  while  hydrogen  sulphate  is  highly  ionized. 

Another  fact  is  more  satisfactorily  accounted  for  by  the  second 
formula.  The  addition  of  chlorine  to  sulphur  dioxide  must  be  shown 
thus; 
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^0 


+  Cl,-» 


CI 

cr 


Xg^ 
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for  chlorine  has  a  much  greater  tendency  to  unite  with  Bulphnr  than 
with  oxygen.  When  the  product,  sulphury  I  chloride,  ia  brought  in 
contact  with  water,  sulphuric  acid  aud  hydrogen  chloride  are  pro- 
duced. Since  water  has  the  formula  H  — 0  — H,  and  two  molecules  of 
water  are  used,  this  action  is  most  simply  accounted  for,  with  the 
minimum  of  disturbance  iu  both  molecules,  by  imagining  the  operation 
to  take  place  as  follows : 


H-0- 
H-0- 


H 
H 


CI 
CI 


The  hydrogen  chloride  is  eliminated,  and  the  other  units  of  hydrogen, 
originally  without  doubt  attached  to  oxygen  in  the  water,  may  he  pre- 
sumed to  be  still  connected  with  that  oxygen  when  they  enter  the 
molecule  of  hydrogen  sulphate. 

This  illustration  shows  the  sort  of  reasoning,  based  upon  the 
chemical  properties  and  the  modes  of  formation  of  a  substance,  which 
lead  U8  to  the  devising  of  an  appropriate  graphic  or  structural  formula 
(r/.  p.  224).  The  latter  is  not  supposed  in  any  sense  to  represent  the 
actual  physical  structure  of  the  molecule,  hut  simply  to  be  a  diagram- 
matic  representation  of  the  chemical  relations  of  the  constituents  and 
of  the  chemical  behavior  of  the  whole.  Formulae  of  this  kind  are  in 
continual  use  in  the  study  of  the  compounds  of  carbon,  but  are  seldom 
required  outside  of  that  region. 
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U»e»  of  Sulpha  He  Acid.  —  Sulphuric  acid  is  employed  in  almost 
all  chemical  industries,  and  in  some  of  them  ('/.<%)  the  quantities 
required  are  very  great.  It  is  used,  for  example,  in  the  first  stage  of 
the  Le  Blanc  process  for  the  manufacture  of  soda,  in  the  refining 
of  petroleum,  in  the  manufacture  of  fertilizers,  in  the  preparation  of 
nitroglycerine  and  gun-cotton^  and  in  the  production  of  ooal-tar  dyes. 


Other  Acids  of  Sulphur, 

Jll/poHttlpfiurMtH  Aeiil. — The  zinc  salt  of  this  acid  crystallizes 
out  when  zinu  acts  upon  a  solutiou  of  sulphur  dioxide  in  absolute 
alcohol : 

Zn  +  2S0j->ZnSA- 
Whether  the  acid  is  monobasic  or  dibasic,  and  its  formula  HSO,  or 
H,SjO„  is  still  uncertain. 

Commercially  a  solution  containing  the  sodium  salt  is  made  by 
the  interaction  of  zinc,  with  a  solution  of  sodium  bisulphite  charged 
vith  excess  of  sulphur  dioxide : 

2NaHS0,  +  SOj  +  Zn  -»  Na,S,,0«  +  ZnSO,  +  H^O. 


1: 


The  acid  and  its  salts  are  very  rapidly  oxidized  by  the  air,  the 
er  giving  sulphurous  acid  and  then  sulplmric  acid.  The  alwve 
solution  of  sodium  hyposulphite  is  used  in  indigo  dyeing,  on  account  of 
its  high  reducing  power.  Indigo,  which  is  insoluble,  is  reduced  by  the 
salt  to  indigo-white  which  passes  into  solution.  When  cloth  saturated 
with  tlie  mixture,  however,  is  exposed  to  the  air,  the  salt  is  rapidly 
oxidized,  the  indigo-white  likewise  undergoes  oxidation,  and  blue,  in- 
soluble indigo  is  formed  once  more  (see  Dyeing). 

Sulphui'ouii  Acid.  —  This  term  is  applied  to  the  solution  of  sul- 
phur dioxide  in  water.  A  portion  of  the  sulphur  dioxide  remains  dis- 
solved physically,  while  another  jwrtion  is  in  combination  with  the 
■water,  forming  sulphurous  acid.  This  in  turn  is  ionized,  aud  chiefly, 
after  the  manner  of  the  weaker  dibasic  acids,  into  two  ions,  H*  and 
H80,'.  A  little  SO,"  is  formed  from  the  latter.  There  ai'e  thus  in  such 
a  solution  four  mutually  dependent  equilibria : 

SO,(gas)^S0,(dis8'd)-f-  H,Oj^H,SO„^H*+  IISO,'^H-+  SO/'. 

When  the  solution  is  heated,  uncoinbined  sulphur  dioxide  is  disengaged 
as  a  gas.     The  equDibria  being  thus  disturbed,  the  ions  of  the  acid 
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unite,  the  acid  Tnoleeulus  decompose,  aod  soon  all  the  above  actions  are 
(wiflipletely  reversed  and  the  whole  of  the  gas  passes  off.  Conversely, 
when  a  base  furniahing  hydroxyl  iona  ia  added  to  the  solution  of  the 
acid,  the  hydrogen  ions  disapjwar,  fornung  water,  and  the  al>ove  actions 
all  proceed  in  a  forward  diiTction  until,  with  a  half-equivalent  of  the 
base,  the  whole  of  the  material  has  been  converted  into  the  form 
HSO,',  in  association,  of  course,  with  the  positive  ions  of  the  base. 
With  a  full  equivalent,  neutralisation  follows  and  SO,"  is  the  product. 

Propertie»  of  Sulphurous  Acid.  —  The  acid  is  so  unstable  that 
it  cannot  be  gbtained  at  ordinary  temperaturea  excepting  in  solution 
in  water.  (jfRemically  it  is  a  comparatively  weak  acid.  As  a  reducing 
agent,  it  is  slowly  oxidized  by  free  oxygen,  and  rapidly  by  oxidizing 
agents,  turning  into  sulphuric  acid.  Thus,  when  free  halogens  are 
added  to  the  solution,  sulphuric  acid  and  the  hydrogen  halide  are  formed; 

HjSO,  +  H,0  +  I,  Id  H,SO,  +  2HI. 

In  the  particular  case  of  iodine  this  action  takea  place  only  in  very 
dilute  solution,  since  concentrated  sulphuric  acid  decomposes  hydrogen 
iodide  ((•/  p.  -37)  and  the  action  is  reversed.  This  interaction  is  used 
in  chemical  analysis  as  a  means  of  estimating  the  quantity  of  aulphtir- 
ous  acid  in  a  liquid  (</.  p.  236). 

Hydrogen  peroxide,  potassium  permanganate,  and  other  oxidizing 
agents  convert  the  substance  into  sulphuric  acid  likewise.  It  should 
be  noted  that  in  these  oxidations  we  have,  not  an  addition  of  oxygen  to 
SOj,  but  to  the  SO,"  or  HSOj'  ion  of  the  aeid,  whereby  it  passes  into 
the  SO,"  ion  of  sulphuric  acid.  The  ion  is  much  more  easily  oxidized 
than  is  free  sulphur  dioxide  itself. 

Sulphurous  acid  has  the  power  of  uniting  directly  with  many  or- 
ganic coloring  matters  and,  since  the  products  of  this  union  are  usually 
colorless,  it  is  employed  as  a  bleaching  agent.  It  is  especially  useful 
with  materials  like  ailk,  wool,  and  straw,  which  are  likely  to  be  de- 
stroyed by  chlorine.  Exposure  to  sunlight  causes  the  dissociation  of 
these  colorless  compounds,  and  so,  with  use,  straw  hats  slowly  recover 
their  original  color.     As  a  disinfectant  it  acts  by  addition  likewise. 

As  a  dibasic  acid,  sulphurous  acid  forms  normal  salts  like  Na^SO^ 
and  acid  salts  like  NaHSO,. 

Htuntration  of  the  Effect  of  Concentration  on  Speed  of  In~ 
teractioH.  —  The  oxidation  of  sulphurous  aeid  by  iodic  acid  may  be 
used   to  show  the  effect  of  concentration  on  the  speed  of  an  action 
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(p.  252),  The  iodin  add  may  roost  reatlily  be  made  by  dissolving  po- 
titsaiuni  iodate  and  sulphuric  acid  together  in  water,  in  such  quantities 
as  would  give  a  N/2  solution  of  each.  When  1  c.c.  of  this  N/2  iodic 
acid  is  added  to  100  c.c.  of  filtered  starch  emulsion,  and  the  whole  is 
mixed  with  an  equal  volume  of  water  containing  1  c.c.  of  N/2  sulphur- 
ous atud,  the  Hue  color  produced  by  the  liberated  iodine  appears  sud- 
denly after  the  lapse  of  a  ndnute  or  more ; 

2HI0,  -I-  5H,S0,  -+  SH^O^  -|-  H,0  +  I^ 

With  double  the  above  quantities  in  the  same  amount  of  water,  that  is, 
with  double  concentrations,  the  speed  of  the  action  is  greatly  increased 
and  the  iodine  becomes  visible  in  less  than  half  the  time. 


SutphiteH, — The  acid  sulphites  of  the  alkali  metals  (t.e.,  of  potas- 
siuia  and  sodium)  are  acid  in  reaction,  owing  to  the  appreciaJile  dissocia- 
tion of  the  ion  HSO,'.  The  acid  being  a  weak  one,  however,  solutions 
of  the  normal  salts,  Na,SO„  etc.,  are  alkaline  towards  litmus  {p.  344). 
The  sulphites  are  readily  decomposed  by  acids  giving  free  sulphurous 
acid,  and  the  latter  partly  decomposes,  yielding  sulphur  dioxide. 

Calcium  bisulphite  solution,  Ca(lISO,)j,  is  used  to  dissolve  the  lig- 
nin  out  of  wood  employed  in  the  manufacture  of  paper.  Alwut  30 
per  cent  of  the  wood  is  lignin.  The  rest  is  cellulose  {C,,H]oOj)^  and 
constitutes  the  prepared  pulp. 

When  heated,  sulphites  undergo  decomjiosition.  The  sulphates, 
being  the  most  stable  of  all  the  salts  of  sulphur  acids,  are  formed  when 
the  salts  of  any  of  those  acids  are  decomposed  by  heating.  The  nature 
of  the  particular  salt  determines  what  other  products  shall  appear. 
Here,  one  molecule  of  the  sulphite  furnishes  three  atoms  of  oxygen, 
sufficient  to  oxidize  three  »ther  molecules,  and  leaves  one  molecule  of 
sodium  sulphide  behind : 

4Na,SO,  -»  Na^S  +  3Na,80^. 

The  a«id  sulphites  (hisulphitea)  first  lose  sulphurous  acid,  before  chang- 
ing in  this  way.  Thus,  sodium  hydrogen  sulphite  begins  by  decompos- 
ing as  follows : 

2NaHS0,  —  Na,SO,  +  H,SO,  (or  H,0-i-SO,). 

The  acid  salts  of  volatile  acids,  when  heated,  all  decompose  in  this 
way  ((/.  pp.  241,  388). 

The  sulphites  are  as  readily  oxidized  as  is  the  acid  itself.    They  are 
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slowly  converted,  both  in  solution  and  in  the  solid  form,  by  the  irtflu- 
eace  of  the  axygen  of  the  air,  into  sulphates.  It  is  interesting  to  note 
that  the  addition  of  sugar  or  glycerine  to  a  solution  of  a  sulphite  re- 
duces the  speed  of  oxidation  by  free  oxygen  rery  markedly.  These 
substances  act  as  catalytic  agents ;  and  the  present  ease  shows  that 
agents  of  this  kind  may  not  only  increase  the  speed  of  actions,  which 
is  their  usual  function,  but  may  also  have  a  restraining  influence. 

ThiosulphuHc  AcM.  —  This  acid  is  not  known  in  the  free  con- 
dition, but  its  salts  are  iri  common  use  in  the  laboratory  and  commer- 
cially. The  sodium  salt,  for  example,  is  prepared  by  boiling  a  solu- 
tion of  sodium  sulphite  with  fi'ee  sulphur.  The  action  is  something 
like  the  atldition  of  oxygen  to  sulpliurous  a<ud  : 

Na^SO,  +  8  -f  Na,S,0,    or     SH,"  +  S  -*  8,0,". 

The  product,  thiosulphate  of  sodium,  is  used  in  photography  as  a 
solvent  for  salts  of  silver,  and  is  commonly  known  ai*  fu/posiilpfnte  of 
iodii.  Its  solution  in  water  forma  the  fxinrf  liath  of  the  photogiapher. 
By  the  addition  of  acids  to  a  solution  of  sodium  thiosulphate,  the 
thiosulphuric  acid  is  set  free,  but  the  latter  instantly  decomposes 

Na»SA  +  2HC1  ^  H,S,0,  +  2NaCl, 
H,SA^H,SO.  +  Si. 

Even  carbon  dioxide  from  the  air,  giving  carbonic  acid  (y.w.),  pro- 
duces this  effect  slowly  in  fixing  solutions.  The  actions  being  rever- 
sible, preliminary  addition  of  a  sulphite  to  the  solution  helps  to  sustain 
the  reverse  action,  in  which  sulphurous  Eicid  is  a  factor,  and  so  pre- 
serves the  solution.  The  delay  in  the  appearance  of  the  precipitate 
of  sulphur  in  dilute  solutions  is  due  to  the  temporary  existence  of  a 
supersaturated  solution  (rf,  p.  160)  of  the  free  element. 

Iodine  acts  ui)on  sodium  tliiosulphate  solution,  giving  sodium 
tetrathionate : 

2Na,SjO.  +  I,  -►  2NaI  -|-  Na,S.O^ 

This  a(?tion  is  used,  by  employment  of  a  standard  solution  of  sodium 
thiosulphate,  for  estimating  (juautities  of  free  iodine  in  analysis.  The 
disappearance  of  the  color  of  the  latter  indicates  that  a  sufficient 
amount  of  the  salt  has  been  employed.  When  chlorine  is  used,  the 
oxidation  is  more  complete.  The  products  are  sodium  sulphate,  sul- 
phuric acid,  and  hydrochloric  acid  : 

Na,SjO,  +  6H,0  +  4C1,  -*  Na,80,+  H^SO,  +  8HCL 
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In  consequence  of  the  very  great  amount  of  free  chlorine  which  the 
sodium  thiosulphate  is  thus  able  to  transform,  it  is  employed,  a;8 
antUklor,  for  the  purpose  of  removing  chlorine  from  bleached  fabrics. 

P«r»ulphurle  Acid.  — This,  like  the  other  acids  just  mentioned, 
iS  unstable,  and  can  be  kept  only  in  Tery  dilute  solution.  Its  salts, 
however,  are  coming  into  use  for  commercial  purposes  and  for  "  redu- 
cing "  negatives  in  photography.  When  a  discharge  of  electricity  is 
passed  through  a  mixture  of  sulphur  trioxide  and  oxygen,  drops  of 
liquid  are  formed  whieh  &pp«ftr  to  have  the  composition  S,0„  and 
when  dissolved  in  water  give  dilute  persulpliuric  acid,  SjOj  +  HjO  — * 
H,S,0,.  More  signifioant  of  its  relations  is  its  formation,  to  some 
extent,  -when  concentrated  sulphuric  acid  and  a  strong  solution  of 
hydrogen  peroxide  are  mixed : 

2HjS04  +  H,0,  izi  HjS,0,  +  2H,0. 

This  action  is  reversible.*  Under  some  circumstanc-es,  monoperaul- 
phuric  acid  is  formed :  HjSO^+HjO,  j=»  HjSOj-f-HjO.  Interesting  in 
its  way,  also,  is  its  production  in  the  electrolysis  of  aqueous  sulphuric 
acid: 

2H§0,  +  2  0  _»  H,S,0^ 

This  action  is  most  conspicuous  in  rather  concentrated  solutions  in 
■which  hydroaulphanion  is  plentiful  {<•/.  p.  389)  and  when  a  small  anode, 
resulting  in  severe  crowding  of  the  HSOj  radicals  as  they  are  liber- 
ated, is  employed.  The  Baits  are  prepared  by  electrolyzing  sodium 
hydrogen  sulphate  ITaHSO^  in  concentrated  solution.  The  persul- 
phuric  acid,  formed  by  the  union  of  the  negative  ions  in  pairs,  under- 
goes double  decomposition  with  the  excess  of  sodium  bisulphate,  and 
the  less  soluble  sodium  persulphate  ciystallizes  out.  The  other  salts 
are  made  by  double  decomposition  from  this  one. 

•  This  actton  and  the  next  are  not  e&sily  c]a«8lflab1e  and«r  imy  of  tlie  ten 
kinds  formerly  discussed  (p.  187).  Tbey  consist  in  the  unioD  of  B  and  OH  to  form 
water : 


HSO,;  H  -f  HO  ;  OH  +  H  jSO^H  -»  2a,0  +  CSOjH)^ 

Neutralizations  (p.  861)  they  are  not,  because  the  interacting  eubstances  are  both 
acids.  Just  a«  the  loss  of  water  from  one  acid  gives  au  fuibydride,  so  here,  the 
loss  of  water  between  two  acids  gives  a  mixed  anliydrld«  (seeCblorosulptiui-lo 
acid,  tielow). 
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The  jiersulphatea  decompose  reax^lily  when  heated,  yielding  pyro- 
sulphates  and  oxygen  : 

The  solution  ot  the  iM.nd  is  an  active  oxidizing  agent : 
H,8,0,  +  H5O  -^  211,80,  ( +  0). 


Poli/fhionir  AcidH. —  1)1-,  tri-,  tetra-,  and  jicuf.ath ionic  acid  (p. 
381)  are  all  formed  simultaneously  when  sulphm-  tlioxide  iuid  hydro- 
geu  aulphido  gases  are  passed  alternately  into  water,  although  the 
gases  themselves  (p.  373)  interact  to  produce  simply  free  aulphur  and 
water: 

H,8  +  3S0j  -.  H,8,0g, 
2H,S  +  GSO,  -.  H,S,0,  +  HjS.O,, 
3H,S  +  980,  -^  H,S„Og  +  2Hj8,0,. 


e 

J 


Most  of  these  acids  and  their  salts  are  of  minor  ititerest  and  need  not 
be  discusined, 

The  prndui'tion  (jf  suditiin  tetrathiouate  liy  the  aetioii  of  iodine 
upon  sodium  thiosulphate  h;us  already  Ijt^eu  mi'Utioned, 

Wlien  manganese  dioxide  is  treated  with  snlpliuroua  acid,  it  inter- 
acts very  rapidly  and  a  solution  of  manganoua  dithionate  is  ohtained  ; 

MnO,  +  2J1,80,  ->  MnSjO,  +  2H,0. 

The  salts  of  these  acids  are  in  iiiiiny  ceases  fairly  stable,  but  the 
acids  themselves  decompose  readily  when  set  free. 


Compounds  of  Sulphur  and  CHLOBijfB. 


Sulphtif  Mouochlorlde, — When    chlorine    gas    is   passed   over 

heated  suli)hur  it  is  ahsorl>ed,  and  a  dark  reddish-yellow  liquid,  IjoiUng 
at  138'',  is  obtaijied.  The  molecular  weight  of  this  substance,  as  shown 
by  the  density  of  it«  vapor,  indicates  that  it  possesses  the  formula 
SjCL,.  When  thrown  into  water  it  is  rapidly  hydrolyzed,  iiroducing 
sulphur  dioxide  and  free  sulphur  : 


^ 


aSjCl,  +  2H,0  -^  so,  -I-  4HC1  +  38. 


t      Sulphur  itself  dissolves  very  freely  in  the  raonochloride,  and  the 
solution  is  employed  in  vtdcaniring  rubber. 


J 
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By  surrounding  sulphur  monocjhloride  with  a   freezing   mixture, 
Bud  treating  it  with  excess  of  chlorine,  a  liquid  tetraobloride  SCl^  is 
ffwined.     This  gives   up  chlorine,  and   turns   into   the   monoehloride 
again,  when  allowed  to  beuome  warm. 

Thionyl  Clil^rlde.-^^y  the  action  of  sulphur  dioxide  gas  upon 
phosphorus  peutachloride,  part  of  the  oxygen  in  the  former  is  replaced 
by  chlorine  : 

SO,  +  PCI,  -»  SOClj  +  POCl^ 

The  products  ai-e  thionyl  chloride  and  phosphorus  oxychloride.  The 
former  is  a  colorless  liquid,  l)oiling  at  78°,  and  is  separated  from  the 
latter  (b,-p.  107°)  by  I'ractioiial  distillation  (see  Petroleum).  It  is  de- 
composed  immediately  on  contact  with  water  : 


SOCl,  +  H,0 


SO,  +  2HCL 


Sulphur ifl  Chloride,  — Sulphur  dioxide  and  chlorine  gases  unite 
when  e.\posed  to  direct  sunlight  to  form  a  liquid  known  aa  sulphuryl 
chloride  SOjCL.  When  camphor  is  introduced  into  the  vessel  the 
union  takes  place  much  more  rapidly,  owing  to  some  catalytic  effect 
of  this  substance.  The  compound  is  a  colorless  liquid,  boiling  at  69°. 
With  water  it  gives  sulphuric  acid  and  hydrogen  chloride  (p.  392). 
When  a  strictly  limited  amount  of  water  is  supplied,  a  partial  action 
of  the  same  nature  occurs,  and  the  product  is  known  s\&  cbloTosulphuilc 


* 


add : 


CI 


%Ofi\  +  H,0  -» S0,<  ^'jj  4-  HCl. 


This  intermediate  compotind  may  be  formed  also  by  the  addition  of 
hydrogen  chloride  to  sulphur  trioxide. 


Exercises.  —  1.  What  ground  is  there  for  assigning  the  formula 
SOj  instead  of  ^„0^  to  sulphur  dioxide  (p.  193)  ? 

2.  Explain  why  nitric  acid  is  completely  displaced  by  the  action  of 
sulphuric  acid  on  sodium  nitrate  (p.  384). 

3.  How  many  times,  on  an  average,  does  a  molecule  of  nitrous 
anhydride  go  through  the  cycle  of  changes  by  which  sulphuric  acid  is 
produced  before  it  is  eliminated  in  some  other  form  (p.  386}  ? 

4.  Make  a  list  of,  and  classify,  the  various  applications  of  sulphuric 
acid  to  the  liberation  of  other  acids. 
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5.  Formulate  the  behavior  of  the  hydrosulphanion  (p.  389)  when 
a  solution  of  barium  chloride  is  added  to  a  rather  concentrated  solu- 
tion of  sulphuric  acid. 

6.  Can  you  give  any  reasons  for  preferring  to  regard  KHSO^,  and 
substances  like  it,  as  acid  salts  rather  than  double  salts  of  the  form 
K^0«,H,S04(p.  358)? 

7.  From  a  consideration  of  the  physical  conditions,  how  can  you 
account  for  the  fact  that  hyposulphurous  acid  is  oxidized  by  free 
oxygen  first  to  sulphurous  acid  and  then  to  sulphuric  acid  (p.  393), 
while  moist  free  sulphur,  even  with  oxidizing  agents,  gives  sulphuric 
aoid  directly  (p.  371)  ? 

8.  Why  were  not  disulphuric  acid  and  monopersulphurio  acid 
placed  in  the  list  on  p.  381  (o/.  p.  278)  ? 

9.  Write  in  ionic  form  the  equation  for  the  interaction  of  sodium 
thiosulphate  and  iodine  in  aqueous  solution. 

10.  Restate  the  import  of  the  following  sentence  in  such  a  way  as 
to  avoid  the  use  of  the  hypothesis  of  ions :  Liquefied  sulphur  dioxide 
"  ionizes  substances  dissolved  in  it  as  well  as  does  water  "  (p.  379). 


CHAPTER    XXIII 

SZn^ENIT7M    AND    TEU^HRHTM  :    THE    PERIODIC    BTBTEM 

Atotfo  with  sulphur,  chemists  group  two  otlier  elements,  selenium 
(Se,  at.  wt.  79.2}  and  tellurium  (Te,  at.  wt.  127.6).  If  the  nature  of 
the  chief  compouuda  of  sulphur  is  kejit  in  mind,  the  close  analogy 
between  the  nature  and  chemieal  behavior  of  the  tliree  elements  and 
their  corre.spou(Ung  pompounds  will  be  noticed  at  once  (see  Chemical 
relations  of  the  sulphur  family,  below). 


Sklenium. 

Occiit'renee  and  Prf^pertSen  of  the  Element.  —  Selenium  (Gk. 
o-fXi;!^,  the  moon)  occurs  free  in  some  specimens  of  native  sulphur, 
and  in  combination  often  takes  the  place  of  a  small  part  of  the  sulphur 
in  pyrite  (FeS,).  It  is  found  free  in  the  dust-fluea  of  the  pyrit«- ' 
burners  of  sulphuric  acid  works.  The  familiar  forma  are,  the  red  pre- 
cipitated variety,  which  is  amorphous  and  soluble  in  carbon  disulphide, 
and  the  lead-gray,  semi-metallic  variety,  obtained  by  slow  cooling 
of  melted  selenium,  which  is  insoluble,  and  melts  at  217°.  In  the 
latter  form  it  has  some  capacity  for  conducting  electricity,  which  ia 
increased  by  exposure  to  light  in  proportion  to  the  intensity  of  the 
illuminatiou.  It  boils  at  (580",  and  at  high  temperatures  has  a  vapor 
density  corresponding  to  the  formula  Scj. 

The  element  unites  directly  with  many  metala,  bums  in  oxygen  to 
form  selenium  dioxide,  and  unites  Tigorously  with  chlorine. 

Hydi'Offen  Selenide.  —  FeiT0ii3  selenide,  made   by  heating  iron 
^^  filings  with  selenium,  wlien  treated  with  concentrated    hydrochloric 
^H   acid  givea  hydrogen   selenide  : 

I  Tl 
I  ro 
I         ar 


FeSe  +  2HCI  ^  H,Sef  +  FeCl^ 

The  oomponnd  ia  a  poisonous  gas,  which  possesses  an  odor  recalling 
rotten  horse-radish,  and  is  soluble  in  water.  The  solution  is  faintly 
acid  in  reaction,  and  deposits  seleniuju  when  exposed  to  the  action  of 
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the  air  (ef.  p.  373).     Other  aelenides,  which,  with  the  exception   of 
those  of  potasaium  and  sodium,  are  insoluble  in  water,  may  be  pre- 
cipitated   by  leading  the  gas  into  solutions  of  soluble   salts  of  appro-J 
priate  metals  (c/*  p.  375). 

Seleniutn.  Dioxide  nnd  Selenious  Acid,  —  The  dioxide  (SeO^ 
is  a  solid  body  formed  by  burning  selenium  or  evaporating  a  solution 
of  selenious  acid  HjSeO,.  The  latter  may  be  made  directly  by  oxidiz- 
ing seleninni  ivith  boiling  nitric  acid  or  aijua  reffia  (q.v.).  Unlike 
sulphur  (p.  371),  the  element  gives  littrle  of  the  higher  acid  HjSeOj  by 
this  treatment.  In  aqueous  solution  the  acid  is  easily  reduced  to 
selenium.     In  fact,  sulphiu'oua  acid  can  be  oxidized  by  it : 


HjSeO,  -t-  2H,S0,  -»  2H,S04  +  H,0  +  Se. 


i 


8el«nic  Acid.  ■ —  No  trioxide  is  known.  Selenic  acid  (HjSeO^)  is 
made  by  using  the  most  powerful  oxidizing  agents  with  an  aqueous 
solution  of  selenious  acid.  It  can  be  isolated  as  a  white  solid.  It  is 
itself  a  powerful  oxidizing  agent,  and,  even  in  dilute  solution,  liberates 
chlorine  from  hydrochloric  acid  : 


H,SeO,  +  2HC1  -^.  H,SeO,  +  HjO  +  CI,. 


I 


Solpbuic  acid  {rf.  p,  389),  on  the  other  hand,  is  an  oxidizing  agent 
only  tn  somewhat  concentrated  form,  and  even  then  it  can  oxidize 
hydrobromic  acid  (p.  231),  but  not  hydrochloric  acid. 

ChloHde»  of  Selenium.  ^1\ve  chlorides  ai'e  formed  by  direct 
union  of  the  elements.  The  tetrachloride,  a  yellow  crj'stalline  sub- 
stance, is  formed  when  the  monochloride  is  heated  :  2SejC)j  — *  3Se  -f- 
SeCI,,  the  behavior  in  the  case  of  sulphur  chlorides  being  just  the 
inverse  of  this  (p.  399). 

Tellukium. 

Tellurium  (Lat.  teUns,  the  earth)  occurs  in  sylvanite  in  combinar- 
tion  with  gold  and  silver.  It  is  a  white,  met-allic,  crystalline  sub- 
stance, melting  at  462='.  When  formed  by  precipitation  it  is  a  black 
powder.  It  conducts  electricity  to  some  extent  The  vapor  density 
corresponds  to  the  formida  T%. 

The  free  element  unites  with  metals  directly,  and  burns  in  air  to 
form  the  dioxide. 
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Hydrogen  telluride  (H^Te)  is  made  by  the  action  of  acids  on 
Hie  tellurides,  and  its  aqueous  aolution  is  rapidly  oxidized  by  air 
^with  precipitatioD  of  tellurium.  The  tellurides  of  the  alkali  metals 
are  soluble  in  water,  the  others  are  insoluble. 

TeUurious  acid  (H,TeO,)  is  formed  by  oxidizing  the  element  with 
nitric  acid,  and  is  a  crystalline  solid,  little  soluble  iu  water.  It  is  a 
feeble  acid,  of  which  many  salts  have  been  made.  It  is  also  some- 
what basic,  a  sulphate  (2TeO„  80,)  and  a  nitrate  {Te,0,(OH)NO,)  being 
known.     In  this  respect  it  differs  markedly  from  sulphurous  acid. 

Telluric  acid  is  made  by  oxidizing  teliurious  acid  in  aijueous  solu- 
tion with  chromic  acid  (p.  374).  It  is  difficultly  soluble  in  water.  It 
does  not  affect  indicators,  and  is  therefore  actually  more  feebly  acidic 
than  is  hydrogen  sulphide.  It  is  obtained  as  a  solid  ha\'ing  the  com- 
position H.TeOj  (or  311,0,  TeO,)  on  evaporating  the  solution.  When 
heated,  this  body  loses  water,  some  of  the  trioxide  (TeO,)  being 
formed.  The  last  is  a  yellow  solid,  which  shows  no  tendency  to 
recombine  with  water,  in  this  respect  resembling  silica  (q.v.).  Tel- 
lurates  of  the  alkali  metals  may  be  made  by  heating  the  tellurites 
with  potassium  or  aodium  nitrate:  K,TeO, -(- KJ{0|  — » K,TeO^  + 
KNO,. 

Tellurium  forms  two  very  stable  chlorides,  TeCl,  and  TeCl^,  which 
are  decomposed  by  water.  The  second,  however,  exists  in  solution 
with  excess  of  hydrogen  chloride:  TeCl^+3HjO  «::•  HjTeO,  +  4HC1, 
showing  the  teliurious  acid  to  be  basic  in  properties  and  the  element 
tellurium  to  be,  to  a  certain  degree,  a  metal  (see  Chap,  xxxii). 

Tfie  Chemical  Uelations  of  the  Sulphur  Family, — It  will  be 
seen  that  sulphur,  selenium,  and  tellurium  are  bivalent  elements  when 
combined  with  hydrogen  or  metals.  In  combination  with  oxygen  they 
form  unsaturated  compounds  of  the  form  X"^0„  while  their  highest 
valence  is  found  in  SO,,  TeO,,  and  H,SeO,,  where  they  must  be  sexi- 
valent.  The  general  behavior  of  corresponding  compounds  is  very 
similar.  At  the  same  time,  there  is  in  all  cases  a  progressive  change  as 
we  proceed  from  sulphur  through  seleniiun  to  tellurium.  The  elemen- 
tary substances  themselves,  for  example,  become  more  like  metals, 
physically,  and  they  show  higher  and  higher  melting-points.  The 
affinity  for  hydrogen  decreases,  as  is  shown  by  the  increasing  ease 
with  which  the  compounds  HjX  are  oxidized  in  air.  The  affinity  for 
oxygen  likewise  decreases,  for  the  elements  become  increasingly  diffi- 
cult  to  raise  to  the  highest  state  of  oxidation.     On  the  other  hand* 
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the  tendency  to  form  higher  chlorides  becomes  greater.  We  note  also 
that  the  compounds  H^XO^  become  less  and  less  active  as  acids,  and  a 
ba^lc  tendency  begins  to  assert  itself. 

The  Periodic  System. 

Classification,  or  the  arraDgemeiit  of  facts  on  the  baals  of  likeneas^^ 
is  part  of  the  methotl  of  science.  lu  chemistry  the  multitude  of  facta 
ia  not  less  than  in  other  soieucea,  and  the  necessity  of  arriingement 
equally  urgent.  It  is  needed  to  make  possible  the  systematic  descrip- 
tion of  the  ascertained  facts,  and  to  furnish  a  guide  in  investigation,  by 
suggesting  stochastic  hypotheses,  and  so  jjointing  out  dii'ectious  in 
which  new  facts  of  interest  may  be  found.  Thus,  we  have  treated  the 
halogens  as  a  gi'oup;  and  chemists,  knowing  how  hypocliloi-ous  acid 
(HCIO)  and  perchloric  acid  (HCIO^),  and  their  salts,  are  made,  have 
been  led  to  attempt  to  obtain  related  substances,  like  HIO  and  HBrO^ 
and  their  salts,  by  methods  suggested  by  analogy. 

At  tirst  sight,  the  most  definite  method  of  ekissification  would 
appear  to  be  the  groujiiiig  of  elements  of  like  valence.  But  this  brings 
together  sodium  and  chlorine- — an  element  whose  hydrogen  compound 
is  unstable  and  without  markedly  characteristic  properties,  and  whose  i 
hydroxyl  compound  is  an  active  liase,  with  an  element  whose  hydrogen 
compound  ia  an  active  acid  and  whose  hydroxyl  compound  is,  in  a 
feeble  degree,  an  acid  also.  This  method  homologates  similar  and  con- 
trastiug  elements  indiscriminately. 

MetatlU:  and  Xon-MetalUe  Elementit.  —  Thus  far  we  have  found 
the  division  into  metalUc  and  non-metallic  elements  very  serviceable  for 
classification  in  terms  of  chemical  relations  (p.  177).  This  distinction 
we  shall  continue  to  employ.  The  metala,  or  positive  element*  (p.  119), 
(1)  form  positive  ions  containing  no  other  element  (r/.  p.  3;^7).  Thus 
the  metals  give  sulphates,  nitrates,  carbonates,  and  other  salts,  which 
furnish  a  uu?tallic  ion  together  with  the  ions  SO/',  NO/,  and  CO,".  (2) 
Their  hydroxides,  KOH,  Ca(OH)j,  etc.,  give  the  same  metallic  ion,  and 
the  rest  of  the  molecule  forms  hydroxidion.  That  is  to  say,  their 
hydroxides  ai'e  bases  and  their  oxides  are  basic.  They  often  enter 
with  other  elements  into  the  composition  of  a  negative  ion,  as  is  the  case 
with  manganese  in  K.MnO,,  with  chromium  in  Kj.CrjO„and  with  silver 
in  K.Ag(CN)^*     But  the  most  definitely  metalUc  elements  form  with 

*  Tlie  mode  o(  dtvisioo  Into  iooa  is  stiown  by  the  position  of  the  period  in  the 
formolft. 
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oxygen  such  a  negative  ion  only  while  exhibiting  a  dlfft^ritnt  imlence 
from  that  which  they  possess  when  acting  as  positive  elements.  Thus, 
manganese  when  a  positive  element  has  the  valences  two  and  three, 
MnO  and  Mn^tf,,  Mn.Cl,  and  Mu.CI,,  Mn.SO,  and  Mn,.(SO,)„  etc., 
while  in  permanganates  we  have  potentially  the  oxide  Mn.O.,  (lv,0, 
MdjOj  =  2KMnO,),  in  which  it  is  heptavalent.  The  graphic  formulfie 
express  the  difference  in  valence  : 


CI 
Mn-Cl 


^0 
K-0-Mn=0 


I 


M^iganese  forms  no  heptachloride  or  heptanitrate  (eorresponding  to 
the  heptoxide)  in  which  niaiiganeae  alone  would  form  a  Iieptavalent 
positive  ion  on  the  one  hand,  and  no  compound  in  which  bivakvnt  or 
trivalent  manganese  with  oxygen  form  the  negative  ion,  on  tiie  other. 
Chroniimn  (q.v.)  ia  bivalent  or  trivalent  when  a  metal,  and  sexivalent 
when  acting  as  a  non-metaL  The  varioiw  hydroxides  of  these  elements 
are  bases  or  acids  in  accordance  with  this  distinction.  If  we  knew  only 
the  compounds  in  which  maugauese  and  chromium  are  heptavalent  and 
Bexivalent,  respectively,  we  should  regard  them  as  non-metallic  ele- 
ments pure  and  simple,  the  metalhc;  appearance  of  the  free  elements  to 
the  contrary  notwithstanding. 

The  non-metaU  or  negative  elements,  (1)  are  found  chieHy  in  nega^ 
tive  ions.  They  form  no  nitrates,  sulphates,  carbonates,  etc.,  for  they 
could  not  do  so  without  themselves  constituting  the  positive  ion.  We 
have  no  such  salts  of  oxygen,  sulphiu",  carbon,  or  phosphorus,  for  ex- 
ample. (2)  Their  hydroxides,  Uke  CIO.OH,  l'(OH)„  SCyOH)^,  furnish 
no  liydroxyl  ions,  as  this  would  involve  the  same  consequence.  These 
hydroxides  are  divided  by  dissociation,  in  fact,  so  that  the  .non-metal 
forms  pai-t  of  a  compound  negative  radical,  and  the  other  ion  is  hydrion, 
C10,.H,  FO.H.H^  SO^.H,.  (3)  Their  halogen  compounds,  like  Pf'l, 
(p.  181)  and  BsClj  (p.  '"^98),  ai'e  completely  liydrolyzed  by  water,  and  the 
actions  are  not,  in  general,  revereible.  The  halidea  of  the  typical 
metals  are  not  hydrolyzed  (see  Chap,  xxxii). 

The  distinction  is  not  perfectly  sharp,  however.  Thus,  zinc  (j.w.) 
gives,  both  salts  hke  the  sulphate,  Zn.SO,,  and  chloride,  Zn,(.'Ly  and  com- 
pounds like  sodium  zLncate  (p-  99),  ZnO,.Naj,  showing  the  same  valence 
in  both  classes : 


Zu 


/CI 
\C1 


Zn 


/0-Na 
\0-~Na 
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It8  hydroxide  ionizes  in  two  ways,  Zn.(OH)j  and  ZnO^.H,.  Similarly 
tellttrious  acid,  H,TeOe  acts  both  as  acid  aud  base  (p.  403).  We  shall 
Rati  this  double  behacior  conspicuous  in  the  compounds  of  arsenic  and 
antimony.  In  spite  o(  the  fiartial  merging  of  the  two  classes  of  tsle- 
ments,  however,  the  general  distinction  is  worth  preserving  (see  Chap. 
xxx'd). 

Claaatfieaticm  by  Atomic  Wfrlffhtn.  — -  A  closer  discrimination 
tlian  tliat  furnished  by  these  two  categories  is  required,  however,  and 
a  study  of  the  order  into  which  the  elements  fall  when  arranged  accord- 
ing to  their  atomic  weights  has  provided  this. 

The  first  indication  of  a  significant  relation  between  the  atomic 
weights  and  the  properties  of  the  elements  was  given  by  a  &ct  noted 
by  Dobereiner  (1829),  He  drew  attention  to  the  existence  of  closely 
similar  elements  in  sets  of  three  (tiiada),  where  the  central  element 
was  intermediate  in  projjerties  between  the  two  others,  and  the  atomic 
weight  of  tlie  central  element  was  almost  the  exact  arithmetical  mean 
of  the  weights  of  the  other  two.  The  three  following  triads  illustrate 
this  relation: 


1 


Chlorine  .  .  .  35.46 
Bromine  .  .  .  78.88 
Iodine  .  .  ,  128.9T 
Mean  of  CI  »ua  t,     81.1 


Sulphnr      .     .     .    Sa.M 
Selenium    .     .     .     79.2 
Tellurium   .     .     .  127.0 
Mean  of  S  and  Te,    78.8 


Calcium  ....  40.1 
Stroulium  .  .  .  87. 8 
Barium  ....  1:j7.4 
Mean  of  Ca  aud  Ba,   88. 7 


Newlands  (1863-4)  called  attention  to  the  existence  of  a  surprising 
regularity  when  the  elements  were  placed  in  the  order  of  ascending 
atomic  weight.  Omitting  hydrogen  (1)  the  first  seven  are  r  lithium  (7), 
gluciuum  (9),  Ixiron  (11),  carbon  (12),  nitrogen  (14),  oxygen  (16), 
fluorine  (19).  These  are  all  of  totally  different  classes,  and  include  first 
a  metal  forming  a  strongly  basic  hydro.xide,  then  a  metal  of  the  less 
active  sort,  then  five  non-metals  of  increasingly  negative  character,  the 
last  being  the  most  active  non-metal  known.  The  next  element  aft«r 
fluorine  (19)  is  sodium  (23),  which  brings  us  back  sharply  to  the 
elements  that  form  strongly  basic  hydroxides.  Omitting  none,  the  next 
seven  elements  are :  sodium  (23),  magnesium  (24.4),  aluminium  (27), 
silicon  (28.4),  phosphorus  (31),  sulphur  (32),  chlorine  (36.5). 

In  this  series  there  are  Uiree  metals  of  diminishing  positiveness, 
followed  by  four  non-metals  of  increasing  negative  activity,  the  last 
being  a  halogen  veiy  like  fluorine.  On  account  of  the  fact  that  each 
element  resembles  most  closely  the  eighth  element  beyond  or  liefore  it 
in  the  list,  the  relation  was  called  the  law  of  octave*.     After  chlorine 
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the  octaves  become  less  easy  to  trace.  Potassium  (39)  foUowa  chlo- 
rine and  uorresponds  satisfactorily  to  sodium,  but  it  is  not  until  seven- 
teen successive  elements  have  been  set  down  that  we  reach  one  closely 
resembling  chlorine,  namely,  bromine. 

That  this  perioilicity  iu  chemical  nature  ia  more  than  a  coincidence 
is  shonTi  by  the  fact  that  tiie  valence  and  even  the  jihyaical  properties, 
such  as  the  sjieeific  gravity,  show  a  similar  fluctuation  iu  each  series, 
and  recurrence  in  the  following  one.  In  the  iii'St  two  series  the  com- 
pounds with  other  elements  are  of  the  types  : 

LiCl,  GlCl,,   BCl.,  CCI,,       j^*^oH,.FH. 

i  V.O.,  so,,  vu\ 

NaCl.MgCl„AlCl„SiCl„      j^^  gj^;^  ,.^j,; 

Thus  the  valence  towards  chlorine  or  hydrogen  ascends  to  four  and 
then  revert.s  to  one  in  each  of^tave.  The  highest  valence,  shown  in 
oxygen  compounds,  ascends  from  lithium  to  nitrogen  with  values  one 
to  five,  and  then  fails  because  compounds  are  lacking.  In  the  second 
octave,  however,  it  goes  up  continuously  from  one  to  seven. 

Again,  the  speuitic  gravities  of  the  elements  in  the  second  series, 
using  the  data  for  red  phosphorus  and  liquid  chlorine,  ai-e : 

Ka  0.97,  Mg  1.76,  Al  2.67,  Si  2.49,  P  2.14,  S  2.06,  CI  1.33. 

Of  greater  signifieanee  chemically  are  the  related  numbers  repi'esent- 
ing  the  volumes  in  cubic  ccntLnieters  occupied  by  a  gram-atomic  weight 
of  each  element  (the  atomic  volames)  : 

Na  24,  Mg  14,  Al  10,  Si  11,  P  14,  S  16,  CI  27. 

A  similar  regular  fluctuation  is  shown  by  all  the  physical  properties  of 
corresponding  compounds. 

ifendelejeff'ji  Scheme, —  In  1869  Mendclejeff  published  an  im- 
portant contribution  towards  adjusting  the  difficulty  which  the  ele- 
ments following  chlorine  presented,  and  developed  the  whole  concep- 
tion 80  completely  that  the  resulting  ayatem  of  classification  haa  l*en 
connected  with  his  name  ever  since.  Almost  sinndtaueously  Lotliar 
Meyer  made  similar  suggestions,  but  did  not  urge  them  with  the  same 
conviction  or  elaborate  them  so  fully.  The  following  t^ible,  in  which 
the  atomic  weights  are  expressed  in  round  numbers,  is  a  modificatioo 
of  one  of  McndelejefiTs. 
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The  chief  change  from  the  arrangement  in  simple  octaves  ia  that  hhe 
tliird  series,  beginning  with  potassium,  is  made  to  lurnish  material  i'or 
two  octaves,  potassium  to  manganese  and  copper  to  bromine,  and  is 
called  a  lomj  ^ttries.  Tlie  valences  fall  in  with  this  plan  fairly  well. 
Copper,  while  usually  bivalent,  forms  also  a  series  of  eompounds  in 
whifh  it  appeai-s  to  lie  univalent.  Iron,  eobalt,  and  nickel  cannot  be 
accommodated  in  either  octave,  as  their  valences  ai'e  always  two  or 
three.  At  the  time  Mendelejeff  nia<le  the  table,  three  places  in  the 
third  series  had  to  be  left  blank,  as  a  trivalent  element  [Sc]  was  lack- 
ing in  the  first  octave,  and  a  trivalent  [Ga]  and  a  (juadrivaleut  one  [Ge] 
in  the  second.  These  places  have  since  been  filled,  as  we  shall  pres- 
ently see.  The  first  two,  (the  short)  series  have  been  split  in  the  table, 
as  lithium  and  sodium  closely  resemble  potassium,  while  the  remaining 
members  of  these  series  fall  more  naturally  over  the  corresponding  ele- 
ments of  the  second  octave  of  the  third  series. 

The  fourth  series  (long)  is  nearly  complete  It  begins  with  an 
active  alkaU  metal,  rubidium,  and  ends  with  iodine,  a  halogen. 
The  rule  of  valence  ia  strictly  preserved  throughout  the  series,  and  in 
general  the  elements  fall  below  those  which  they  most  closely  resemble. 

The  fifth,  sixth,  and  seventh  (long)  series  are  incomplete,  hut  the 
order  of  the  atomic  weights  and  the  valence  enable  us  satisfactorily'  to 
place  those  elements  which  are  known.  The  chemical  relations  to  ele- 
ments of  the  fourth  aeries  justify  the  position  assigned  to  each.  Cae- 
sium, for  exam])lt',  is  the  most  active  of  the  idkali  metals ;  barium  has 

ays  been  classwl  with  strontium,  and  bi.smuih  with  antimony. 

In  two  cases  a  slight  dis|>lai;ement  of  the  order  according  to  atomic 
weights  is  necessary.  Cobalt  is  pat  Ijefore  nickel  because  it  resembles 
iron  more  closely.  Tellurium  and  iocline  are  placed  in  that  order  to 
bring  them  into  the  sulphur  and  halogen  groups  respectively.  Theii' 
valence  and  other  chemical  relations  both  require  this.  The  general 
agreement,  however,  ia  very  remarkable. 

Oenernl  Relations  in  the  Sifufem.  —  In  every  octave  the  valence 
towards  oxygen  ascends  from  one  to  seven,  while  that  towards  hydro- 
gen, in  the  cases  of  the  four  last  elements  (when  they  combine  with 
hydrogen  at  all),  descends  from  four  co  one.  The  atomic  volume  disre- 
gards the  subsidiary  octaves  m  the  long  series.  It  descends  towards 
the  middle  of  each  series  (loug  or  abort),  and  ascends  again  towards 
its  initial  value.  The  other  physicfil  properties  fluctuate  within  the 
limits  of  each  series  in  a  similar  way.     The  values  of  each  physical 
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constant  for  corresponding  members  of  the  successive  aeries  do  not 
exactly  coincide,  however.  A  progressive  change,  as  we  descend  each 
vertical  column,  is  the  mle.  Thus  the  apecilic  gravities  (water  =  1) 
of  the  alkali  metals  rise  from  litliinm  (0.59)  to  caesium  (1.85).  In  the 
same  group  the  melting-points  descend  from  lithium  (186°)  to  caesium 
(26.5°). 

It  must  be  stated  that  aa  yet  no  exact  mathematical  relation  be- 
tween the  values  for  any  property  and  the  values  of  the  atomic  weights 
has  been  discovered ;  only  a  general  relationship  can  be  traced.  An- 
ticipating the  discovery  of  some  more  exact  mode  of  stating  the  rela- 
tionaliip  in  each  case,  and  remembering  that  similar  values  of  each 
property  recur  periodically,  usually  at  intervals  corresponding  to  the 
length  of  an  octave  or  series,  the  principle  which  is  assumed  to  un- 
derlie the  whole,  the  periodic  law,  is  stated  thus  :  All  the  piopetUes  of 
the  elements  are  periodic  functions  of  their  atomic  weights. 

That  the  chemical  relations  of  the  elements  vary  just  as  do  the  phy- 
sical properties  of  the  simple  substances  is  easily  shown.  Thus,  each 
series  begins  with  an  active  metallic  (positive)  element,  and  ends  with 
an  active  non-metallic  (negative)  element,  the  intervening  elements 
showing  a  more  or  less  continuous  variation  between  these  limits. 
Again,  the  elements  at  the  toj)  are  the  least  metallic  of  their  respec- 
tive columns.  As  we  descend,  the  members  of  each  group  are  more 
markedly  metallic  (in  the  first  columns),  or,  what  is  the  same  thing, 
less  markedly  non-metallic  (in  the  later  columns  ;  rf.  p.  403). 

In  the  first  series  Ixjron  is  the  first  non-metal  wo  encounter.  In  the 
second  series  silicon  is  the  first  such  clement.  In  the  third  there  is 
more  difficulty  in  deciding.  Titiinimn,  vanadium,  and  germanium  are 
usually,  though  with  questionable  propriety,  classed  as  metals.  Sele- 
nium is  undoubtedly  a  non-metal.  Arsenic  is,  on  the  whole,  a  non- 
metal.  In  the  fourth  series  tellurium  is  commonly  considered  to  be 
the  Gist  non-metal.  Thus  a  zigzag  line,  showxi  in  the  table,  separates 
all  the  non-metals  from  the  rest  of  the  elements,  and  confines  them  in 
the  rights-hand  upper  comer. 

A  more  compact  form  of  the  table,  also  based  upon  one  of  Mendele- 
jeff's,  may  now   be  given  (Table  II).     The  only  difference   between , 
tliis  and  the  other  is  that  the  two  oct.aves  of  each  long  series  have  been  ^ 

i placed  in  the  same  set  of  seven  main  columns.  The  irregular  sets  of 
three  elements,  consisting  of  the  iron,  palladium,  and  platinum  groups, 
occupy  a  column  on  the  right  of  the  main  columns,  and  are  often 
called  collectively  the  eighth  group.    For   completeness,  the  newly 


SELENIUM  AND  TELLURIUM:  THE  PERIODIC  SYSTEM      411 


Q 


P 
O 

pa 
< 
H 

CO 

b 

1-9 

O 
SB 

O 

pa 

§ 

I 


n 


^ 

I 

• 

II 

3 
II 
6 

s 
II 

£ 

§ 
II 

o 

II 

§ 

li 

S 

§ 
II 
a 

II 
5 

II      II 

s 

IS  !l 
II  « 

1 

li 

wo" 

S   8 

II    II 

O     CD 

2  i 
II  * 

5 

si 

8    II 

r 

s    ■ 
11 

II 

w   sf 

s  s 
II  II 

II 

s   ^ 
II 

> 

II  £ 

• 

II    Jl 

U     00 

II   o 

2 

I  " 

II  ^ 

§ 

tf 

II 

€p' 

II     II 

II 

<2 

a 
11 

I' 

II  P 

5 

5"  o 

II  II 

3  § 

1 

«  1! 
II  s 

5 

So      II 

t;    II 

II  n 

II 

S3 

«     a 
II    « 

1 

II     "i 

II  < 
5 

& 

II  1 

«     « 

8     • 
II     • 

-i 

So       . 
II       . 

s  • 

II    • 

412 


INORGANIC  CHEMISTRY 


discovered  elements,  found  chiefly  in  the  air,  have  been  placed  at  thai 
left-hand  aide.     Since  they  do  not  enter  into  conibiiiatioti  at  all,  their 
valence  may  appropriately  be  given  as  zero.     With  the  exception  of 
argon,  the  values  of  their  atomic  weights  agree  well  with  this  assign- ■ 
tuent.     Hydrogen  is  the  oidy  element  whose  place  is  still  in  debatfr ' 
Many  raxe  elements  have  also  been  omitted,  and  tantalum  lias  been 
placed   immediately   after   cerium.      The  valence    is   shown   by    the 
general  formula;  at  the  head  of  eat^lx  column. 

Appltcationa  of  the  FeHodie  .Sifiitem.  —  The  system  has  found 
application  chiefly  in  four  ways  ; 

1.  By  leading  to  the  prediction  of  new  elements. 

2.  By  furnishing  a  comprehensive  classification  of  the  elements, 
arranging  tliem  so  as  to  exhibit  the  relationships  among  the  physical 
and  chemical  properties  of  the  elements  themselves  and  of  their  com- 
pounds. Constant  use  will  be  made  of  this  property  of  the  table  in 
the  succeeding  chapters. 

3.  By  enabling  us  to  decide  on  the  correct  values  for  the  atomic 
weights  of  some  eleinenta,  when  the  equivalent  weighta  have  been 
measured,  but  no  volatile  compound  is  known  (ff.  pp.  201  and  212). 

4.  By  suggesting  problems  for  investigation. 

The  rrediction  of  New  liYejHe«(».^  Mendelejeff  (1871)  drew 
Bntiou  to  the  blank  then  existing;  between  calcium  (40)  and  titanium 
i).  He  predicted  that  an  element  to  lit  this  place  would  have  au 
atomic  weight  44  and  would  be  trivalent.  From  the  nature  of  the 
surroundiug  elements,  he  very  cleverly  deduced  many  of  the  physical 
and  chemical  properties  of  the  unknown  element  and  of  its  com- 
pounds. He  named  it  eka-boron  (Skr.  ika,  one).  In  1879  Nikon 
discovered  scandium  (44),  and  its  behavior  corresponded  closely  with 
that  predicted  for  eka-boron. 

In  the  same  paper  Mendelejeff  described  two  other  elements, 
likewise  unknown  at  the  time.  They  were  to  occupy  vacant  places 
between  zinc  aud  arsenic,  and  were  named  eka-aliiminium  and  eka- 
silicon.  In  1875  Lecocjue  de  Bnisbaudran  found  gallium,  and  in  1888 
Winkler  discovered  germanium,  and  these  blanks  were  filled.  Other^ 
possible  elements,  such  as  eka-manganese  and  eka-antimony,  were 
described,  but  still  remain  to  be  discovered. 

Application  tfj  Fij^ittff  Atomic  tVeiffhtit. — Atomic  weights  hare 
been  hxed  with  the  assistance  of  the  periodic  system  on  several  oecasioos. 
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Thus  the  atonoio  weight  of  uranium  was  thouglit  to  be  120  imtil  it  was 
observed  that  no  place  near  to  antimony  (120)  lemaineti  tiijoi;nujiied. 
With  the  value  240  (now  238.5),  the  element  was  accommodated  at 
the  foot  of  the  column  containing  those  which  it  most  resembled. 
Again,  the  equivalent  weight  of  indium  waa  38,  and,  as  the  element  waa 
supposed  to  be  bivalent,  it  received  the  atomic  weight  70.  It  waa  quite 
out  of  place  near  arsenic  (75),  however,  being  decidedly  a  metal.  As  a 
trivalent  element  with  the  atomic  weight  115,  it  fell  between  cadmium 
and  tin.  Later  work  fully  justified  the  change.  Still  again,  glucinum, 
with  equivalent  weight  4.5,  reaembled  aluminium  so  strongly  that 
it  waa  thought  to  be  trivalent,  like  that  element,  and  to  have  the 
atomic  weight  13.5.  But  the  only  vacancy  in  the  tii-st  series  then 
existing  was  between  lithium  (7)  and  boron  (llj,  and  subsequent  in- 
vestigations showed  that  the  properties  of  glucinum  placed  it  roost 
fittingly  in  that  position  as  a  bivalent  metal  with  the  atomic  weight  9. 
Finally,  and  quite  recently,  nulium  ('/.*'.)  has  lnjcn  discovered,  and 
found  to  have  the  equivalent  weight  112.5  and  to  resemble  barium. 
If,  like  l)arium,  it  is  bivalent,  it  occupies  a  place  under  this  element, 
in  the  last  series. 


The  System  Suggestn  lAnes  of  InveittignHon.  —  The  periodic 
system  has  been  of  constant  service  in  the  course  of  inorganic  research, 
and  has  often  furnished  the  original  stimulus  to  such  work  as  well. 
For  example,  the  atomic  weights  of  the  platinum  mt'tals  at  first  placed 
them  in  the  order,  Ir  (I'JT),  Pt  (198),  Os  (lt)9),  although  tlie  resem- 
blance to  iron  and  ruthenium  would  have  led  us  to  expect  that  osmium 
should  come  first.  For  similar  reasons  platinum  should  have  come  last, 
under  palladium.  A  reinvestigation  of  the  atomic  weights,  suggested 
by  these  considerations,  was  undertaken  by  Seubert,  and  the  old  values 
were  foxmd  in  fact  to  be  very  inaccurate.  He  obtained  r  Os  =  191, 
It  =  193,  Pt  =  195. 

Again,  the  atomic  weight  of  tellurium  bore  the  value  128  when  the 
table  was  first  constructed,  and  it  was  confidently  expected  that  re- 
examination would  bring  this  vahie  below  tliat  of  iodine  (then  127, 
now  126.97).  The  problem  has  proved  more  difficult  than  usual,  and 
several  most  careful  studies  of  the  subject  have  been  made  by  chemtsta, 
using  different  methods.  Absolute  certainty  has  not  yet  been  reached, 
but  it  seems  probable  that  the  real  value  of  the  atomic  weight  is  not 
far  from  Te  =  127.6,  and  therefore  more  than  half  a  unit  greater  than 
that  of  iodine.    Since,  however,  mathematical  correspondence  is  found 


414  mORGAJJlC  CHEMISTRY 

nowhere  in  the  system,  the  existence  of  marked  inconsistencies  like 
this  need  not  shake  our  confidence  in  its  value  when  it  is  used  with 
due  consideration  of  the  degree  of  correspondence  to  be  expected. 

Originally  lead,  although  it  fell  in  the  fourth  column,  possessed 
only  one  compound,  PbO^,  in  which  it  seemed  to  be  undoubtedly  quad- 
rivalent. Search  for  salts  of  the  same  form,  however,  siwedily  yielded 
the  tetracliloride  (PbClJ,  tetracetate,  and  many  others.  As  has  been 
stated  already,  there  are  many  elements  between  lanthanum  and 
taiitalumj  about  which  auBBcient  knowledge  has  not  yet  been  accumu- 
lated to  make  possible  their  definite  allotment  to  plai'cs  in  the  table. 
The  existence  of  osnitc  acid  (OsOj),  and  a  corresponding  compound 
of  ruthenium,  suggests  that  other  oompouuds  of  the  elements  of  the^ 
eighth  gi'oup,  displaying  the  valence  eight,  may  l)e  ea]ialjle  of  prepa-^ 
ration.  The  collocation  of  copper,  silver,  and  gold,  in  the  same  column 
with  the  alkali  metals,  is  not  at  present  perfectly  satisfactory,  and  sug- 
gests the  advisability  of  strengthening  their  position,  if  possible,  by 
further  investigation. 

The  Sff^tem  an  a  Guide  lu  ClaMsiftcntioti.  —  Having  dispoeed 

of  the  halogen  and  sulphur  families,  situated,  respectively,  in  the 
seventh  and  sixth  columns  of  the  table,  we  shall  next  take  up  nitrogen 
and  phosphorus  from  the  right  side  of  the  fifth  column.  This  family 
includes  nitrogen,  phosphorus,  arsenic,  antimony,  and  bismuth,  aiii 
brings  us  for  the  tirst  time  in  contact  with  a  group  which  is  parti 
non-metalliu  and  partly  metallic.  Then  from  the  fourth  column,  we 
shall  select  carbon  and  silicon,  and  from  the  third  boron,  leaving  the 
other,  more  decidedly  metailio  elements  for  later  treatment. 
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Exercise*.  —  1.  Can  you  explain  the  presence  of  free  selenium  in 
the  Hues  of  pyrite-biirners  (p.  385)  ? 

2.  Why  does  the  existenee  of  tellurium  tetrachloride  in  solution 
in  atjueous  hydrochloric  acid  show  tellurium  to  be  Sjomewhat  metallic 
in  chemical  properties? 

3.  How  should  you  attempt  to  obtain  HIO  and  HBrO,,  or  their 
salts? 

4.  Make  a  list  of  bivalent  elements  and  criticize  this  method  of 
grouping  as  a  means  of  chemical  classification, 

6.  Write  down  the  s^nnljola  of  the  elements  in  the  fourth  series 
of  Table  I  (that  beginning  with  rubidium,  and  ending  with  iotline). 
Reconi  the  valence  of  each  element  toward  oxygen,  using  for  reference 
the  chapters  In  whieh  the  oxygen  compounds  are  described. 


A 
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CHAPTER  XXIV 

NITROOEN   AND   ITS   COMPOnUDS   WITH   HTDROOEN 

When  the  oxygen  of  the  air  is  removed  (p.  62),  a  gas  remains 
which  is  largely  nitrogen.  VVheu  iirst  discovered,  the  most  couspicu- 
OU3  property  this  gas  was  observed  to  have  was  indifference  ;  it  did  not 
support  combnstion  or  life.  The  latter  fact  led  to  its  being  named 
agote  (<jk.  (|(JTiKw,  life).  While  this  name  is  still  preserved  in  the 
French  language,  in  English  the  name  of  the  substance  ia  derived 
from  the  fact  that  it  is  an  impoi'tant  constituent  of  saltpeter  KKO, 
(Lat.  nitrum). 

The  Chemical  Melatlonn  of  the  Element.  —  In  some  compounds 
nitrogen  is  trivalent,  while  in  others,  particidarly  those  containing 
oxygen  and  other  negative  elements,  it  is  quinquivalent. 

The  compounds  of  nitrogen  are  often  extremely  active  and  inter- 
esting. Those  of  them  which  we  have  to  discuss  in  Lnorgauio  chem- 
istry are  ammonia  (NH,)  and  nitric  acid  HNO„  and  several 
related  substances.  The  organic  compounds  containing  nitrogen  are 
very  numerous  and  possess  highly  characteristic  properties.  Some, 
like  nitroglycerine  (y. r.)  and  gun-cotton,  are  violently  explosive; 
otherS)  like  anttpyrine,  show  great  physiological  activity;  still  othei-s, 
such  as  the  aniline  and  other  organic  dyes,  provide  us  with  beautiful 
and  useful  coloring  matters. 


« 


Occurrence.  —  Apart  from  the  presence  of  free  nitrogen  in  the 
air,  the  element  ia  found  in  many  forms  of  combination.  The  nitrates 
of  potassium  and  sodium  are  found  in  Bengal  and  Peru  respectively. 
Natural  manures,  such  as  guano,  contain  large  quantities  of  nitrogen 
compounds,  and  owe  part  of  their  value  as  fertilizers  to  this  fact. 
Nitrogen  is  an  essential  constituent  of  vegetable  and  animal  matter. 
The  albumins,  for  example,  wliioh  often  make  up  a  considerable  part 
of  such  matter,  contain  on  an  average  about  15  per  cent  of  combined 
nitrogen. 
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Preparation.  —  Nitrogen  containing  about  one  per  cent  of  argon 
(t/.v.)  is  easily  obtainable  from  purified  air  when  the  oxygen  of  the 
latter  is  removed.  For  this  purpose  phosphorus  is  frequently  burned 
in  the  air,  or  tht!  air  is  passed  over  heated  copper. 

When  pure  nitrt^en  is  required,  it  must  be  obtained  from  chemical 
compounds,  in  order  that  it  may  be  free  from  argon.  The  simplest 
method  is  to  heat  ammonium  nitrite.  This  substance  decomposes 
reailily,  even  at  temperatures  little  above  the  ordinary,  according  to 
the  following  equation; 

NH,K0,^2H,0  +  N,. 

In  j>ractic!o,  since  amraoniiun  nitrite  cannot  easily  be  kept,  a  mixture 
of  an  ammonium  salt  with  some  salt  of  nitrous  acid  is  employed. 
Tlius,  when  strong  solutions  of  ammonium  chloride  and  sodium  nitrite 
are  niixejl,  a  double  decomposition  results  in  the  formation  of  ammo- 
nium nitrite,  NHiCl  +  NaNO,  ^  NH^NC),  +  NaCl,  and  this  breaks 
up  wlieu  heat  is  ajiplied,  giving  nitrogen. 

In  Pertain  eases  it  is  convenient  to  prepare  nitrogen  by  the  oxida- 
tion of  ammonia  (NH,),  by  paaaing  the  latter  over  heated  cupric  oxide, 
or  ijy  the  reduction  of  nitric  oxide  (NO)  by  passing  this  gas  over  heated 
coppe'r 


Phyxlenl  Properties.  —  Kitrogen  is  a  colorless,  tasteless,  odorless 
gas,  as  we  should  expect  from  the  fact  that  air  possesses  these  proper- 
ties. Wien  sufficiently  cooled,  it  forms  a  colorles.'?  liquid,  boiling  at 
—  194°,  Hy  further  cooling,  this  liquid  freezes  to  a  white  solid,  which 
melts  at  —214°,  One  liter  of  pure  nitrogen  weighs  1.2507  grams. 
The  solubility  of  nitrogen  in  water :  1.6  volumes  in  100,  is  less  than 
that  of  oxygen. 

Chemical  Properties.  —  The  density  of  the  gas  shows  the  formula 
of  free  nitrogen  to  be  N^ 

Nitrogen  unites  with  few  cximmon  chemical  elements  directly.  At 
ordinary  temperatures  it  is  almost  absolutely  indifferent.  When 
))asscd  through  a  tube  over  strongly  heated  lithium,  calcium,  magne- 
sium, or  boron,  it  forms  definite  chemical  compounds,  known  as 
nitrides,  in  which  it  is  trivalent.  These  have  the  formuUe  Li,N,  Ca,N„ 
Mg,N,,  and  BN  respectively.  When  the  gas  is  mixed  with  oxygen  or 
hydrogen,  and  the  mixture  is  heated,  little  chemical  action  takes  place. 
When  sparks  from  an  induction  coil  are  passed  between  platinum 
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wiles  through  the  mixtures,  small  amounta  of  nitrogen  tetroxide 
NjOj,  and  ammonia  NH,,  respectively,  ai'e  produced.  The  indifference 
of  free  nitrogen  is  doubtless  due  to  the  fact  that  its  molecules  (N^  are 
extremely  stable. 

One  case  of  direct  union  of  nitrogen  is  of  economic  importance. 
The  supply  required  by  plants  is  oV>tained  jiartly  from  nitrogen  ccm- 
pounda  contained  in  fertilizers,  or  equivalent  substances  already  pres- 
ent in  the  soil,  and  partly  from  ammonium  nitrite  and  nitrate,  which 
are  washed  down  from  tlie  air  by  the  rain.  It  appears,  however,  that 
plants  belonging  to  the  order  luf/nmiiiosa',  such  as  peas,  beans,  clover, 
etc.,  may  be  associated  constantly  with  certain  bacteria  which  flourish 
in  nodulea  upon  their  roots.  These  Ijaeteria  have  the  power  of  taking 
free  nitrogen  fioni  the  air,  which  penetrates  the  soil,  breaking  up  its 
molecules,  and  producing  compounds  containing  nitrogen.  The  masses 
round  the  roots  often  contain  over  five  per  cent  of  combined  nitrogen 
which  has  been  acquired  in  this  way.  These  compounds  are  chiefly 
albumins,  which  are  afterwards  digested  and  absorbed  by  the  roots  of 
the  plant. 

CotnpouHtla  of  Nitrogen  and  Hydrogen.  —  The  commonest  and 
longest  ki]own  of  these  substances  is  ammonia  KH„  which  was  first 
described  by  Priestley  (1774)  and  named  "  alkaline  air."  Cnrtius 
discovered  hj'drazine  N,H,  in  1889,  and  hydrazoic  acid  HN,  in  1890. 
Hydroxy lamine  NHjO,  discovered  by  Lessen  in  1865,  is  similar  to 
ammonia  in  chemical  behavior. 
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Ammonia. 

Ammonia  is  liberated  in  connection  with  the  putrefaction  of  animal 
matter. 

Preparation, —  1.  When  sparks  from  an  induction  coil  are  passed 
through  a  mixture  of  nitrogen  and  hydrogen,  small  proportions  of  the 
materials  unite  to  form  ammonia  (see  below). 

2.  When  water  is  added  to  the  nitride  of  magnesium  or  calcium 
(p.  416),  ammonia  is  given  oif  and  the  hydroxide  of  the  metal  formed  : 

Mg,K,  +  6H,0  —  3Mg(0H),  +  2NH,. 

3.  When  parts  of  animals,  paitieularly  the  horns,  hides,  and  feathers, 
which  contain  complex  compoimds  of  carbon,  nitrogen,  hydrogen,  and 
oxygen,  are  heated  strongly,  much  of  tlie  nitrogen  is  driven  out  as 
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ammonia.     Hence  the  name  ^irit  of  hartshorn,  applied  to  the  aqueous 

solutioD, 

4.  Coal  often  contains  as  much  as  2  per  cent  of  combined  nitrogen, 
and  when  heated  in  absence  of  air,  gives  off  much  ammonia.  The 
entire  commercial  supply  is  obtained  as  a  by-product  from  operations 
like  the  manufacture  of  iUuminating-gaa  and  of  coke,  in  which  the 
destructive  distillation  of  coal  takes  place.  The  crude  mixture  of  gases 
passes  first  through  water,  iu  which  some  of  the  tar  is  condensed  and 
most  of  the  ammonia  dissolves.  This  a mmoniacnl  Itqiioris  heated  with 
a  little  slaked  lime,  and  the  escaping  gas  ia  led  into  dilute  hydrochloric 
or  sulphuric  acid,  with  which  it  combines  to  form  the  chloride  or  sul- 
phate of  ammonium. 

5.  In  the  laboratory,  a  mixture  of  slaked  lime  and  some  salt  of 
ammonium,  such  as  ammonium  chloride,  either  with  or  without  water, 
is  heated  in  a  flask  or  retort  provided  with  a  delivery  tube : 

Ca(OH),  +  2NH«cn  t^  CaCl^  +  2NH,0H, 
NH«OHf=»HsO-|-NH.. 

By  the  double  decomposition  usual  with  ionogens,  ammonium  hydroxide 
is  formed,  and  this,  being  unstable,  immediately  breaks  up  into  water 
and  ammonia. 

6.  Warming  the  aqueous  solution  also  gives  a  steady  stream  of  the 
gas.  Since  the  gas  is  very  soluble  in  water,  it  must  be  collected  over 
mercury  or  by  upward  displacement  of  air.  The  moisture  which  it  may 
contain  is  removed  by  pijssagc  through  a  tower  or  wide  tulie  filled  with 
quickU:ne.  ("aleium  chloride  cannot  be  used,  as  the  gas  combines  with 
it  forming  a  compound  CaClj,  8NHj,  similar  in  properties  to  a  hydrate 
(pp.  120-123). 

Physical  Properties.  —  Ammonia  is  a  colorless  gas  with  a  pun- 
gent, characteristic  odor  familiar  in  smelling-salts.  The  G.M.V,  of  the 
gas  weighs  17.29  g.,  so  that  the  density  is  little  more  than  half  that  of 
air  ((•/.  p.  215)  When  liquefied  it  boils  at  —34°  and  exercises  a  pressure 
of  6.fi  atmospheres  at  10".  The  solid  is  wliite  and  crystalline  and  melts  at 
—77°.  The  gas  is  very  soluble  in  water,  one  volume  of  the  latter  disaolv- 
ing  1148  volumes  of  the  gas  at  0°,  7t>4  volumes  at  16°,  and  306  volumes 
at  50°.  The  35  per  cent  aqueous  solution,  saturated  at  15°,  and  sold 
as  "concentrated  ammonia,"  has  a  a  p.  gr,  0.882.  The  whole  of  the 
dissolved  gas  may  be  removed  by  boiling  (c/.  p.  379). 
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Liquefied  ammonia  is  used  in  refrigeration.  The  gas  is  liquefied  by 
compression,  and  the  heat  which  is  thus  liberated  is  removed  by  flowing 
water  which  surrounds  the  pipes.  The  liquid  then  flows  into  other 
pipes  immersed  in  ealcium  chloride  brinej  and  is  there  allowed  to  evapo- 
rate, the  gas  returning  to  the  compressor.  The  heat  of  vaporization, 
260  ca,lories  per  gram,  is  taken  from  the  brine,  which  is  thus  partially 
frozen.  The  resulting  freezing  mixture  of  ice  and  calcium  chloride 
solution  is  then  distributed  to  the  localities  to  be  cooled.  The  ammonia 
and  brine  remain  within  their  respective  closed  systems  of  pipes, 
and  are  used  over  and  over  again.  In  many  cases  the  cooling  by  tlie 
liquefied  ammonia  is  used  directly,  and  the  intermediate  freezing  mix- 
ture is  dispensed  with. 

^^       Chemical  Propertien.  —  The  discharge   &om  an  induction-coil 

"*  decomposes  ammonia  (to  the  extent  of  fl4-38  per  cent)  into  nitrogen 
and  hydrogen,  ITader  the  same  circumstances,  union  of  the  constitu- 
ents also  occurs  (up  to  2-6  per  cent)  : 

The  bebavior  of  a  system  in  chemical  equllibrinm  may  be  UlnBtrated  by 
inclosing  dry  ammonia  in  a  tube  over  uierLniry  and  allowing  sparks  to 
pass  l)etween  platinum  wires  (Fig.  86).     After  a  time 
the  volume  is  practically  doubled,  every  two  molecules 
of   ammonia   giving  four  of  the  products  (rf,  p.  208), 
When,  now,   a  little   sulphuric  acid  is  atlmitteii  above 
the  mercury,  the  remaining  trace  of  ammonia  combines 
with  the  acid  and  is  removed.     This  disturbs  the  equil- 
ibrium.     As  sparks   continue  to  pass,  the  action  now      q(/'    \\^ 
proceeds  stea^lily  backwards.     The  ammonia  which  is 
formed  is  no  longer  subject  to  decomposition,  for,  once 
it  has  combined  with  the  acid,  it  never  returns  to  the 
neighborhood  of  the  discharge.     Thus  the  whole  of  the 
gases  finally  combine : 

(H'H<),SO,  <-  H,80<  -t-  2NH,  i=s  N,  -H  3H„ 

and  ammonium  sulphate,  dissolved  in  the  excess  of  acid,        fio,  as. 
alone  remains.     The  action,  therefore,  first  goes  almost 
completely  in  one  direction,  and  then  quite  completely  in  the  other, 
while  no  change  has  taken  place  in  the  conditions  to  which  the  gas 
is  subjected  at  the  point  where  the  interaction  is  occurring.     The  sole 
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difiference  is  that  a  little  of  an  acid  haa  been  introduced  into  a  rela- 
tively remote  pai-t  of  the  space. 

When  passed  over  reducible  oxldea,  sneh  aa  heated  cupric  oxide, 
ammonia  is  oxidized  to  water  and  free  nitrogen  : 

3CuO  +  2NH.  -^  3Cu  +  3H.0  +  H„ 

and  burua  in  pure  oxygen  with  the  same  result.  In  air,  heat  is  used 
up,  not  only  in  decom[>oaiQg  the  compound,  but  also  in  raising  the 
temperature  of  the  nitrogen  of  the  atmosphere.  This  causes  a  contin- 
uous dtain  on  the  heat  given  out  by  the  action,  and  prevents  the  main- 
tenance of  the  kindling  temperature  (p.  73). 

When  dry  ammonia  is  passed  over  heated  potassium  or  sodium,  one 
unit  of  hydi'ogen  is  displaced  : 

2K  +  2NH,  -»  2KNH,  +  H,, 

and  a  solid  of  metallic  appearance  remains  behind.  Substances  con- 
taining the  group  — NH,  are  called  amides,  and  this  one  is  therefore 
uamed  potastamide. 

Chlorine  and  bromine  combine  with  the  hydrogen  and  lil)erat6  the 
nitrogen  of  ammonia.  This  action  may  Ixi  used  for  obtaining  a  stream 
of  nitrogen,  provided  excess  of  chlorine  is  avoided  (see  Nitrogen  tri- 
chloride, below).    Chlorine  is  led  into  a  solution  of  ammonium  chloride : 

2NH^C1  -h  3C1,  -» Nj  t  +  8HC1. 

The  most  characteristic  property  of  ammonia  is  its  power  to  form 
a  base  by  combination  with  water : 

NH,  (gas)  t=i  NH,  (diss'd)  -|-  H,  0  ^  NH,OH  i=;  NH/  -|-  OH'. 

Probably  only  a  small  proportion  of  the  gas  is  actually  combined  at 
any  one  time,  the  greater  part  being  simply  dissolved. 

The  gaa  unites  also  with  acids,  forming  salts  (r/.  p,  337),  which,  in 
solution,  are  highly  ionized  ; 

NH,    +    HCl-yNH,Cl, 
NH,  +  HNO,  -^  NH,NO,. 


Am-tnoninm  Componndg.  ■ —  Since  NH,  plays  the  part  of  a  metal, 
entering  into  the  composition  of  a  base  and  of  a  series  of  salts,  it  is 
named  ammonium.  It  constitutes  the  positive  ion  of  these  compounds. 
As  this  radical  forms  a  univalent  ion  and  gives  a  distinctly  alkabne 
base,  it  is  classed  with  potassium  and  sodium  as  one  of  the  metals  of 
the  alkalies  (j.f,). 
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Animonium  hydroxide,  although  much  less  completely  ioni/cd 
than  potassium  hydroxide,  affects  litmus  easily.  In  a  normal  solution 
about  0.4  per  cent  of  the  ammonia  is  in  the  form  of  ammonion, 
NH4*.  When  an  acid  is  added  to  the  solution,  the  eorrt'spondingly 
small  amount  of  hydroxidion  which  exists  in  it  is  removed  and  the 
various  equilibria  are  displaced  forwards.  The  final  result  is  the  same 
as  with  any  other  base  : 


NH,(di8s'd)  +  H,Oi 


;NH^OH^KH/+OH' 

•mClt^2C\'  +  2H- 


t=i  TLO. 


When  strongly  heated,  all  ammonium  salts  are  decomposed  and,  usually, 
give  ammonia  and  the  acid.  When  the  latter  is  volatile,  the  wlwle 
material  of  the  salt  is  thus  converted  into  gas.  If  the  acid  is  volatile  with- 
out permanent  decomposition,  it  reunites  with  the  ammonia  when  tlie 
vapor  is  cooled : 

NII(C1  ^  HCl  +  NHj. 


This  behavior  distinguishes  ammonium  salts  fi'om  those  of  the  typical 
metals,  for,  with  the  exception  of  mercury  salts,  most  other  salts  are  not 
easily  and  completely  volatilized.  The  use  of  ammonium  chloride  (sal- 
ammoniac)  in  soldering  depends  on  the  dissociation  of  the  salt,  by  the 
heat  of  the  iron,  and  the  action  of  the  liljcrated  hydrochloric  acid  on 
the  oxide  which  covers  the  surface  of  the  metal  to  be  soldered. 

Ammonium  salts  ai-e  recognized  by  warming  them,  dry  or  in  solu- 
tion, with  a  base : 


k 


(NH,),SO,  i=i  SO/'  +  2NH,  j  j-^oNH.OH  ^  2H,0-|-2N1L  t 

2K0H    l=f   2K-  +  2t)H'   )  »        -^       a    t  »  | 


when  the  odor  of  ammonia  liecomes  noticeable.  When  the  solution  is 
nsed,  it  is  the  tendeuoy  of  the  NHj'  and  OH'  to  unite  to  form  the  slightly 
ionized  molecular  hydroxide  that  sets  the  other  equilibria  in  motion. 
The  principle  at  the  basis  of  the  change  is  thus  the  same  as  in  neu- 
tralization (p.  354). 

In  ammonia,  nitrogen  is  trivalent,  while  in  the  salts  it  appears  to 
be  quinquivalent : 


I 


H-N 


Hs        H 


H/ 


'OH 


H\        H 
H-N^ 
H/     ""CI 
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Hydrazine,  Htdrazoic  Acid,  Hydroxylamixk. 

HffdtaziHe,  —  By  reduction  •£  a  eompoiind  of  nitric  oxide  and 
potassium  sulphite  by  means  of  sodium  amalgam,*  a  solution  of  hydra- 
zine hydrate  is  obtained : 

KjSO,,  2N0  +  6H  -*  N,H4,  H,0  +  K^O,. 

The  same  substance  is  more  easily  made  from  certain  organic  deriva- 
tives. \Vlieu  the  hydrat*  is  distilled  with  barium  oxide,  under  reduced 
pressure,  hydrazine  is  liberated : 

N^4,  Hp  +  BaO  —  N.HJ  4-  Ba(OHV 

Hydrazine  is  a  white  solid,  which  fumes  in  moist  air,  giving  the 
hydrate  once  more.     It  melts  at  1.4°  and  boils  at  113.5°. 

Hydrazine  hydrate  freezes  at  about  —40°,  boils  at  118.6',  and  can 
be  distilled  without  decomposition.  Its  aqueous  solution  is  alkaline, 
ind  sails  can  be  formed  ijy  neutralization. 

Hlfdrasoic  AtM.  —  When  nitrous  oxide  (y.»'.)  is  led  over  sodamide 
at  200°,  water  is  liberated  and  sodium  hydrazoate  remains  behind; 

NHjNa  +  N,0  -» KaN.  +  Kfi. 

A  dilute  solution  of  the  free  acid  is  beat  obtained  by  distilling  the  lead 
salt  with  dilute  sulphuric  acid.  A  similar  solution  nmy  be  miwie  more 
directly  by  adding  cold  nitroua  acid  (q-v.)  to  a  cold  aqueous  solution 
of  hydrazine  hydrate : 


N,H,OH  +  HNO,  -*  HN,  +  3HjO. 


By  repeated  distillation  of  the  solution  the  pure  acid  is  obtainable.  It 
boils  at  37°.  The  operation  is  a  dangerous  one,  as  the  pure  acid  is 
violently  explosive,  resolving  itself  into  nitrogen  and  hydrogen  with 
liberation  of  much  heat : 
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HN„  Aq  -+  H  +  3N  +  Aq  +  61,600  cal. 


It  is  an  acid  of  somewhat  greater  activity  and  degree  of  ionization  than 
acetic  acid.  Active  metals,  like  magnesium,  displace  hydrogen  from 
its  solution.     Its  silver  salt  (AgX,)  is  insoluble  in  water.     It  nentral- 

•  The  Bodluin  dissolved  in  tUe  mercury  interacts  with  the  water,  giving  hydro- 
gen (see  Active  8t»ie  of  hydrogen,  below). 
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izea  ammonium  hydroxide  and  hydrazine  hydrate,  giving  two  salts, 
!NH,N,  and  N.HjN^  These  constitute  two  additional  compounds  of 
nitrogen  and  hydrogen,  but  differ  from  ammonia  and  hydrazine  in 
being  ionogens. 

HydroxyUtmine.  —  Tin  displaces  hydrogen  from  dilute  hydro- 
chloric acid  :  Sn  +  2HC1  — »  SnOI,  +  H,,  and  this  combination  forms 
a  reducing  agent  (see  below).  When  dilute  nitric  acid  (<j-i--}  is  added 
to  the  mixture,  a  considerable  part  of  it  is  reduced  to  hydroxy lamine  : 

HNO,  +  6H  -» NH,0  +  2H,0. 

The  hydroxylaraine  forms  a  weak  base,  NH^O.OH,  with  water  which 
interacts  with  the  excess  of  acid,  giving  liydroxylamine  hydrochloride, 
NHjOCL  By  more  complete  reduction  of  part  of  tiie  nitric  acid,  some 
ammonium  chloride  is  formed  at  tiie  same  time.  To  secure  the  salt 
of  hydroxylaiaiiie,  the  tin  iona  are  removed  by  means  of  hydrogen  sul- 
phide, wliich  precipitates  stannous  sulphide.  The  liltered  solution  is 
then  evaporated  to  dryness,  the  hydroxylamine  hydrochloride  is 
extracted  from  the  residue  with  absolute  alcohol,  and  tliiis  alcoholic 
solution  is  finaUy  evaporated  in  turn.  The  hydi'ocldoride  is  a  white 
crystalline  salt. 

When  the  hydrochloride  is  treated  with  a  base,  in  the  alsence  of 
water,  and  the  mixture  is  distilled  under  redu<«d  pressure,  liydraxyla- 
mine  passes  over.  It  is  a  wliite  solid  melting  at  33°  and  boiling  at 
68°  at  22  mm.  pressure.  Even  before  melting  (above  15°),  it  begins  to 
decompose,  and  explodes  at  or  below  130°.  In  chemical  behavior  it  ia 
like  ammonia.  With  water  it  forms  a  base  which  combines  with  acids, 
but  is  less  active  than  ammonium  hydi-oxide.  It  is  a  stronger  reducing 
agent  than  ammonia,  precipitating  silver  from  a  solution  of  silver  nitrate. 

The  union  with  acids  indicates  that  the  molecule  of  hydroxylamine 
^^     is  unsaturated,  and  hence  the  nitrogen  unit  is  supposed  to  be  trivalent : 

f  hyc 

I  red 

L  aba 

^H  mai 

^1  the 


H-N  H-N'^ 

H-Oy  ■    H-0/      ^Cl 


An  Active  State  of  Hydrogen  (Nateent  Hydfogen),  —  Pure 

hydrogen  gas,  whatever  its  source  may  have  been,  shows  conspicuous 
reducing  powers  only  when  heated  (vf.  p.  1 09).  But  when  the  ga.'s  is 
absorbed  in  platinum  or  palladium  (p.  107),  the  two  together  reduce 
many  substances  in  the  cold,  although  the  platinum  and  palladium 
themselves  seem  to  take  no  part  in  the   change.     They  are  simply 
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catalytic  or  contact  agents,  and  in  their  presence  the  hydrogen  is  more 
active.  Similarly  the  liydrogen  liberated  by  the  electrolysis  of  a  dilute 
acid  reduces  siibstanccs  aildcd  to  the  liquid  surrounding  the  cathode 
(ef.  p.  304),  and  shows  diffei'ent  degrees  of  activity  according  to  the 
material,  platinum,  carbon,  or  the  like,  of  which  the  cathode  is  made. 
Finally,  zinc,  tin,  and  other  metals  with  dilute  acids  c^ive  hydrogen,* 
and  this  can  produce  reductions  so  long  as  it  is  in  the  immediate  i 
neigliiwrhood  of  the  metal  {rf.  pji.  422,  42;-{,  and  see  Axsiue).  Thus,  as 
we  hnve  jnst  seen,  nitric  acid  is  re<luced  to  hydroxylamiue  when  it  is 
mixed  with  the  materials  whieh  generate  the  hydrogen.  The  hydrogen 
on  the  platinum  plate  forming  the  cathode  of  an  elet^trolytic  cell  is 
eqmilly  able  to  reduce  nitric  acid.  The  very  same  hydrogen,  however, 
if  led  by  a  tube  fi'mn-  a  Kipp's  apparatus  or  electrolytic  cell  into  a 
second  vessel  would  be  then  quite  inactive  and  incapable  of  affecting 
the  same  nitric  acid.  Hydrogen,  therefore,  like  other  substances,  may 
show  a  greatly  increased  speed  of  interaction  when  in  iminediat/e  con- 
tact with  a  suitable  body.  This  more  active  state  of  hydrogen  is  de- 
scribed as  the  nascent  state,  lieeause  it  happens  to  be  a  common  con- 
dition of  hydrogen  when  associated  with  substances  which  produce  it. 
This  state  has,  however,  no  necessary  connection  with  such  an  imme- 
diately preceding  act  of  liberation,  as  our  first  example  shows. 

Some  theorists  ftppl?  the  atomic  bypotbeais  to  this  phenarneaon,  and  suggest 
llial  it,  U  the  Trci^bly  liberated  atomic  bjdrogen  (R)  wbicli  posaesseH  this  greater 
aciivity.  Tbis  would  require  us  to  believe  that  nascent  hydrogen  was  a  different 
siibBtaiice  from  free  hydrogen,  which  may  or  may  not  be  true,  hut  is  certainly  im- 
probable. If  llie  hypotliesia  of  atomic  hydrogen  were  correct,  all  arratigementa  that 
give  free  hydrogen  under  similar  circnmstances  (e.g.  electrolytic  ccIIb  with  different 
eiectrode-uiiuerialB)  tiliould  fibow  equal  reducing  powers.  But  it  is  notorious  that 
they  do  not.  Di  fferent  subslauces  are  known,  however,  to  show  di&ercnt  efficienciea 
OS  e-onUR't  dfrents. 

The  atomic  theory  of  nascent  action  is  often  used  to  explain  the  oxidising 
Activity  of  hypocbiorous  acid  {cf.  p.  271).  But  it  ia  less  often  employed  to  explain  the 
oxidizing  power  of  sulphuric  acid  or  other  oxidizing  agents.  Yet,  logically,  it 
ought  to  be  applied  even  to  double  decomposition,  if  it  is  used  at  all.  If  this 
were  (lone,  salt  aud  sulphuric  acid  would  be  a«Aumed  to  give  caacenc  clilorine  and 
iiaftoent  hydrogen,  respectively,  since  they  yield  hydrogen  chloride  in  the  cold, 
while  free  hydrogen  and  chlorine  do  not, 

^H  Halogen  Compounds  of  KUrngen.  —  When  ammonium  chloride 

r         solution  is  treated  with  excess  of  chlorine,  drops  of  an  oily  liquid,  nltro- 
I  gen  trioMorlde,  are  formefl : 

^^  3C],  +  NH.Ol  ^  NClj  +  4HCL 
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It  is  extremely  explosive,  resolving  itself  into  its  constituents  with 
liberation  of  much  heat. 

There  appear  to  be  several  compounds  related  to  ammonia  and  con- 
taining iodine.  When  a  solution  of  iodine  in  potassium  iodide  solu- 
tion (p.  166)  is  added  to  aqueous  ammonia,  a  brown  precipitate  is 
formed.  This  seems  to  have  the  composition  N,H,I„  and  is  named  nitro- 
gen iodide.  It  may  be  handled  while  wet,  but  when  dry  decomposes  into 
its  constituents  with  violent  explosion  if  touched  with  a  feather. 

Exerciaes,  —  1.  When  moist  air  is  used  as  a  source  of  nitrogen,  what 
advantage  is  there  in  using  copper  rather  than  the  less  expensive 
metal  iron,  for  removing  the  oxygen  (p.  416)  ? 

2.  How  many  grams  of  water  at  0°  could  be  frozen  (p.  115)  by  the 
removal  of  the  heat  required  to  evaporate  50  g.  of  liquid  ammonia 
(p.  419)  ? 

3.  How  many  grams  of  ammonia  are  contained  in  1 1.  of  "  concen- 
trated ammonia"  (p.  418)  ? 

4.  What  are  the  ions  of  hydrazine  hydrate  (p.  422)  ?  Formulate 
(p.  454)  the  neutralization  of  this  base  with  sulphuric  acid. 

5.  What  is  the  object  attained  by  distilling  under  reduced  pressure 
in  making  hydrazine  (p.  422)  and  hydroxy  lamine  (p.  423)  ? 

6.  Classify  (p.  187)  the  interaction  of  a  nitride  with  water  (p.  417), 
and  of  chlorine  and  ammonium  chloride  (p.  420),  and  the  results  of 
heating  ammonium  nitrite  (p.  416)  and  ammonium  chloride  (p.  421). 


CHAPTER   XXV 


TBU  ATM08FBSR£.      THB  HBLtUM  FAMn.7 

We  have  attsn  that  to  counterlalau'-e  the  pressiue  of  the  iur  a 
oolttmu  of  mercury  uf  the  same  diameter  averaging  760  mm.  in  height 
i»  fHijuired.  Let  thte  section  of  the  column  be  1  sq.  cm.  Then  thaj 
jircKitiiri;  of  a  column  of  air  1  sq.  cm.  in  section,  and  extending  so^ 
far  from  the  earth  as  any  downward  tendency  of  the  air  exists,  is 
ei|ual  to  tht;  weight  of  a  column  of  mercury  containijig  76  c.c.  of  the 
metal.  The  weight  of  1  c.c.  of  mercury  lieiiig  13.B  g.,  this  volume  of 
the  meta.1  weighs  I033.G  g.  This  numljer  represents  therefore  the 
{irefiHtire  which  ia  exerted  by  the  air  upon  each  square  centimeter  of 
tlie  eartli's  surface.  In  ordinary  units  of  measure,  this  is  nearly  fif- 
teen pounds  to  the  oquare  inclL 

A  ruure  vivid  appreciation  of  tlie  reality  of  this  preasore  may  be  obtained  by 

noticing  line  of  ita  effect*.  By  boiling  a  small  quantity  of  water  in  a,  tin  can 
funiinlrnfl  with  a  narrow  opening,  we  remove  the  whole  of  the  air  from  its  interior, 
(lijijiliu;l[iK  it  by  iteaDi.  While  the  boiling  Is  in  progress,  we  suddenly  close  the 
□[)<.'nliig  with  a  iti^htly  lUting  cork  and  remove  the  burner.  White  the  steam  was 
•till  lutuiug  from  the  opening,  its  pressure  waa  priictically  that  of  the  atniospbere, 
uid  the  can  was  subject  to  the  same  pre»sure  iuside  and  out.  With  the  removal 
of  the  flame,  however,  the  steam  condenses,  and  the  pressure  on  the  interior  ia 
reduced  to  a  minute  fraction  of  its  original  value,  while  the  pressure  on  the 
exterior  is  stUS  the  same  (1  atmosphere).  Under  this  presame  a  vesaet  of  onUouy 
tin-plato  completely  collapses. 

Componenfg  of  the  Atmosphere.  —  The  first  component  of  the 
air  to  Ije  recognized  and  studied  was  oxygen.     When  a  rusting  metal  or  j 
burning  iKjdy  of  any  kind  removes  the  oxygen  by  combining  with  it,  til 
gas  remains  which  represents  about  four-fifths  of  the  original  volume. 
Tbi.s  re.sifhial  ga-s  is  mainly  nitrogen.     It  contains,  however,  small  pro- 
piirtioiis  of  several  inert  gases,  of  which  the  most  plentiful  is  argon. 
Examiriiition  iM-fore  tlie  removal  of  the  oxygen  also  reveals  the  presenoei 
of  varyiug  [iroportious  of  caj'lxm  dioxide,  water  vapor,  and  ammoaium 
nitrate,     lu  the  neighborhood  of  cities  the  air  likewi.se  contains  sulphtiT 
dioxide,  liydn)i,'tMi  chloride,  hydrogen  sulphide,  and  other  ingredients 
which  may  be  described  as  accidental.     There  are  thus  .three  classefl 
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of  substances  in  the  air.  Those  of  the  first  class,  oxygen,  nitTOgen,  and 
argon,  are  jvreseut  in  almost  constant  quantities ;  those  of  the  second 
class  are  very  variable  in  quantity,  although  found  in  all  samples  of 
air;  those  of  the  third  class  are  accidental.  Finally,  one  signifipant 
oomponentof  the  air  is  the  dust  which  a  powerful  team  of  light  reveals 
as  it  passen  through  the  atmosphere  of  a  darkened  room. 

Componeittn  which  are  Canntantin  Amnunt. —  The  determi- 
nation of  the  oxysen  l>y  burning  pliosphorus  in  air,  and  measuring  the 
residual  gas  (p.  410),  is  not  capable  of  application  in  an  exact  manner. 
It  is  better  to  use  a  large  amount  of  pli08]>horus  in  the  form  of  thin 
wire.  In  this  way  a  great  surface  is  obtained,  and  the  absorption  of 
oxygen  from  a  sample  of  aii'  may  bo  carried  out  in  a  few  seconds, 
This  method  gives  fairly  accurate  results,  since  there  is  no  time  for  any 
appreciable  change  in  the  temperature  or  pressure  of  the  atmosphere 
during  the  exi)eriment.  The  passage  of  purified  air  over  heated  copper 
(p.  416)  has  also  been  used  for  the  same  purpose.  Wlien  this  method 
18  employed,  the  volume  of  the  nitrogen  and  argon  which  survives  the 
action  of  the  copper  is  measured,  while  the  inerease  in  weight  of  the 
copper,  through  formation  of  cupric,  oxide,  gives  the  weight  of  the 
oxygen  which  was  originally  mixed  with  it. 

Still  another  methotl,  which  is  in  constant  employment  in  the  analy- 
sis of  mixtures  of  gases,  may  also  be  appUed  to  the  air.  It  consists  in 
mixing  a  measured  volume  of  air  with  an  excess  of  hydrogen,  reading 
off  the  volume  of  the  whole,  and  then  exploding  the  mixture  by  the 
passage  of  an  electric  spark.  A  tuVie  like  that  in  Fig.  44  (p.  126) 
may  be  used.  After  the  explosiouj  the  steam  which  has  been  formed 
condenses.  The  contraction  gives  the  volume  of  the  gases  which  have 
disappeared  through  the  explosion,  and  of  this  one-third  is  oxygen  and 
two-thirds  hydrogen  (rf.  p.  125).  When,  for  example,  a  contraction 
of  25  c.c.  of  gas  has  occurred,  we  know  that  one-third  of  this  volume 
(namely,  8.3  c.c.)  is  the  volume  of  oxygen  which  the  measured  sample 
of  air  contained. 

In  the  air  taken  from  mines,  from  mountain  tops,  from  tlie  surface 
of  the  sea,  and  from  inland  regions,  tiie  proportion  of  oxygen  to  the 
residual  gas  is  found  to  Ije  fairly  constant,  although  easily  perceptible 
differences  are  noted.     The  i)ercentage  of  oxygen  in  dried  air  ranges 

I  between  20.26  and  21.00,  the  latter  being  the  proportion  in  normal 

I         air. 

^^L        When  the  residual  gas  is  led  slowly  through  a  heated  tube  con- 
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taining  magnesiam,  the  nitrogen  unites  witli  the  metal  to  form  the 
solid  nitride  (p.  416),  and  only  about  10  c.c.  out  of  every  liter  remains 
uncombined.  This  residuum  is  argon,  mixed  with  one-huiidredth  of 
its  Tolame  of  other  gases  belonging  to  the  same  family  (see  below). 
Exact  measurement  by  volume  gives  78.06  j>er  cent  of  nitrogen  and 
0.94  per  tsent  of  argon  in  dried  air. 

It  is  possible  tliat  a  trace  of  hydrogen  (ef.  p.  92)  is  one  of  the 
regular  components  of  air. 


ComponentH  which  are   Va Habile  in  Amount,  —  Thire  (country 

air  contains  about  3  jiarts  in  10,000  uf  carbon  dioxide.  In  city  air 
there  are  from  6  to  7  parts  in  the  same  volume,  while  in  the  air  of 
audience-rooms,  where  the  veutilation  is  defective,  the  proportion  may 
rise  as  high  an  50  piarts. 

The  simjileat  way  of  showing  the  presence  of  carbon  dioxide  in  the 
air  is  by  exposing  a  solution  of  barium  hydroxide  in  a  shallow  vessel. 
After  a  short  time  a  layer  of  barium  carbonate  forms  upon  the  surface, 
in  consequence  of  a  chemical  change  represented  by  the  equation, 
Ba(OH),  +  CO,  — .  BaCO,  I  +  H^O.  The  same  action  may  be  utilized 
for  the  purpose  of  quantitative  analysis.  A  measured  volume  of  air  is 
bubbled  slowly  through  a  measured  volume  of  a  solution  of  liarium 
hydroxide  of  known  concentration,  and  the  quantity  of  barium  hy- 
droxide remaining  is  determined  by  titration  (p.  352). 

The  sources  of  the  carbon  dioxide  in  the  air  are  numerous.  It 
comes  from  the  decay  of  vegetable  and  animal  matter,  in  which, 
chieHy  through  the  influence  of  minute  vegetable  orgaiiiama,  the 
cartxin  is  oxidized  to  carbon  dioxide.  It  is  formed  also  by  the  com- 
bustion  of  coal  and  wood,  and  is  exhaled  by  animals.  The  proportion 
of  thin  gas  in  the  air  would  naturally  increase  continuously,  though 
slowly,  as  the  result  of  these  processes,  were  it  not  that  it  is  removed 
just  OS  continuously  by  the  action  of  growing  plants  (see  Chap,  xxviii). 
Thns,  there  is  no  reason  to  suppose  tliat  the  proportion  of  carbon 
dioxide  in  the  air  will  be  altered  appreHably,  the  two  kinds  of  opera- 
tions probably  balancing  one  another  approximately. 

The  quantity  of  water  vapor  in  the  air  is  constantly  changing.  It 
increases  locally  by  evajroration  from  the  soil  and  from  natural  waters, 
particularly  in  warm  weather.  It  decreases  when  local  cooling  leads 
to  tJie  precipitation  of  water  in  the  forms  of  mist  and  rain.  The 
phraae  roramonly  heard,  that  on  a  moist  day  the  atmosphere  is  "  laden  " 
with  moisture,  is  peculiarly  inapt.     We  recognize  at  once  from  obser- 
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ttdticBl  of  the  barometer,  which  is  lower  in  such  a  state  of  the  attiios- 
phere,  that  the  pressiii'B  of  the  air  is  less.  Moist  air  must  be  lighter 
than  dry  air,  for  in  it  a  certain  proportion  of  water  molecules,  of  molec- 
ular weight  18,  Is  substituted  for  an  etinal  numlier  (ff.  p.  19f))  of  uiolo- 
oules  of  nitrogen  and  oxygen  whose  relative  weights  are  28  and  33 
respectively.  The  result  is  therefore  a  diminution  in  the  sjKScific 
gi'avity  of  the  air.  The  i)roportion  of  water  in  a  given  volume  of  air 
may  be  measured  most  accurately  by  jiermitting  the  air  to  stream 
slowly  through  txilws  filled  with  calcium  chloride  or  phosphoric  anhy- 
dride (l*^g.  <%,  p.  lOO).  The  increase  in  weight  of  the  charged  tubea 
represents  the  quantity  of  moisture  abstracted  from  the  sample. 

The  ammonium  nitrate  arises  from  the  interaction  of  nitric  acid 
and  ammonia.  The  latter  is  formed  by  the  decay  of  animal  matter 
(p.  417) ;  the  former  by  the  union  of  nitrogen  and  oxygon  during 
thunder-st-ornis.  The  electrical  dischargea  produce  nitrogen  tetroxide 
(see  p,  439),  which  with  water  gives  nitric  acid  (q.v.). 

The  dust  varies  both  in  kind  and  quantity  according  to  the  locality, 
It  is  found  to  be  partly  inorganic.  In  the  country  the  nature  of  thi 
inorganic  material  deiiends  upon  the  prevailing  components  of  tb 
soil,  and  in  factories  the  dust  may  consist  of  minute  jiartick'a  of  glasi 
steel,  cement,  or  other  suVistaiices.  The  organic  dust  in,iy  be  divide 
into  two  kinds.  The  part  which  is  dead  includes  coal  dust,  refuse 
from  the  streets,  minute  slireda  of  cotton,  linen,  hay,  etc.  Tlie  living 
dust  consists  of  pollen  grains,  spores  of  fungi  and  other  plants,  germs 
of  infusoria,  and  bacteria.  The  presence  of  such  germs  in  the  air  is 
shown  by  the  fact  that  when  nutritive  liquids  have  been  expose*!  to 
the  air,  even  for  a  few  minut«s,  putrefaction  very  soon  sets  in.  Some 
of  tJiese  geftiiH  also  produce  disease  when  they  gain  access  to  the 
boily,  particularly  through  wounds,  or  incisions  made  in  the  course  o£ 
operations.  The  object  of  antiseptic  treatment  by  the  use  of  pheno! 
(carbolic  acid),  mercuric  chloride,  and  other  substances,  ia  to  destroy 
such  organisms  or  to  hinder  their  development. 

Flasks  aim  be  filled  with  dustleas  air  through  the  displacement  of 
tliat  which  they  contain  by  air  drawn  through  a  wide  tube  packed  with 
12-15  inches  of  cotton.  It  has  been  shown  by  Aitken  that  air  of  this 
kind  behaves  differently  from  ordinary  air  in  respect  to  the  way  in 
which  its  moisture  condenses. 

If  a  sample  of  moist  air  is  cooled  until  it  contains  more  water  vapor 
than  it  could  take  up  at  the  existing  temperature,  the  excess  of  moist- 
ure is  deposited.     This  deposition  usually  takes  jilace  by  the  forma- 
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tioti  of  a  multitude  of  little  jiarticlea  of  liquid  water,  which  together 
miike  up  a  fog.  Kow  dustltiss  air  lacks  this  property  entirely.  When 
saturated  with  water  and  then  cooled,  it  do«s  not  give  any  trace  of  fog. 
The  excess  of  iiioistui-e  is  gi'adually  doposited  upon  the  walla  of  the 
vessel  and  upon  any  material  ohjerts  which  it  contains,  hut  of  fog 
there  is  no  tr.ice  visible.  It  aeems  that  the  particles  of  dust  are  re- 
quired as  nuclei  round  which  the  wat^r  may  gather.  In  the  absence 
of  dust,  and  therefore  of  proper  nuclei,  the  nioishire  is  not  precipi- 
tated in  the  usual  way.  Thus  fogs  and  rain  would  l«i  impossible  but 
for  the  presence  of  dust  in  all  ordinary  air. 

By  diluting  air  with  dustless  air,  generating  fog  in  the  mixture, 
and,  with  the  help  of  a  nncroscope,  counting  the  globules  when  they 
settle,  an  estimate  of  the  number  of  {articles  of  dust  in  air  may  be 
made.  It  is  found  that  rain  removes  a  large  proportion  of  them, 
while  resinration  and  combustion  greatly  increases  their  number.  The 
prevalence  of  fogs  in  cities  is  thus  accounted  for. 


NinfBiB  or 

Dust  Paxtici.bs 

IN  1  CO. 

Outside,  raining 32,000 

Outside,  fair 130,000 

A  room 1,860,000 

A  room,  near  the  ceiling 5,420,000 

Air  above  Bunsen  flame 30,000,000 


^^  Air  a  MiKture,  —  Since  the  main  components  of  air  were  not  defi- 

I  nitely  identified  until  the  end  of  the  eighteenth  century,  we  c;in  under- 

I  stand  why  the  substance  was  for  long  considered  to  be  an  element. 

I  The  experiments  which  we  have  described,  in  which  the  oxygen  was 

I  removed  from  the  air  and  the  nitrogen  remained,  do  not  prove  that 

[  the  original  constituents  were  present  simply  in  mechanical  mixture. 

They  might  have  l)een  combined,  and  the  cflinbustion  of  phosphorua, 
for  example,  might  have  represented  the  removal  of  oxygen  from  com- 
bination with  nitrogen  and  its  ajjpropriation  by  the  phosi>liorU5.  It 
may  be  well,  therefore,  to  [wint  out  some  reasons  wliieh  lead  us  to 
regard  the  air  as  a  mixture : 

1.  When  oxj'gen  ami  nitrogen  are  mixed  in  the  proper  proportions. 
■we  obtain  a  gas  identical  with  air  in  all  its  properties,  and  there  is  no 
evidence  of  any  production  or  absorption  of  beat,  such  as  woultl  occur 
in  case  of  chemical  combination. 


2.  The  proportion  by  volume  in  which  the  gases  are  fomid  in  the 
air  ia  not  so  simple  as  the  proportions  which  we  observe  in  wises  of 
chemical  comhiniition.  The  projiortion  ia  close  to  4  ;  1,  hut  not  exactly 
i  :  1.    Besides,  as  we  have  aeen,  tliw  pro]x>rtion  is  not  peifently  constant. 

3.  The  eomjxiHition  of  air  varies,  while  the  conijiosition  of  detiiiite  ^J 
chemical  sulmtances  is  always  the  same.  The  projiortions  bj'  weight  ^H 
also  in  which  the  components  are  contained  in  air  are  not  integral 
multiples  of  the  atomic  weights. 

4.  When  two  substances  enter  into  chemical  combination,  the  new 
bofly  invariably  has  different  physical  properties  from  either  of  the 
original  ones.  Thus,  there  is  no  simple  relation  between  the  refrac- 
tive power  for  light  which  a  compound  possesses  and  the  refractive 
powers  of  its  constituetita.  In  the  case  of  air,  however,  the  refrac- 
tive }x>wer  i3  exactly  that  which  we  should  calculate  from  the  refrac- 
tive powers  of  the  constituents,  taking  into  account  the  proportions  of 
them  which  air  contains.  The  same  relation  holds  for  all  ordinary 
physical  properties  of  air.  For  example,  the  nitrogen  and  oxygen 
dissolve  independently  in  water  in  proportion  to  their  solubibtiea  and 
partial  pressures  (p.  155),  If  the  air  were  a  coiupouud,  it  would  dis- 
solve as  a  whole,  and  the  i-elative  proportions  of  the  components  would 
not  be  changed  by  the  process. 
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Compin*ition  of  Air ,  —  Air,  when  freed  from  oarbon  dioxide  and 

water,  contains  by  volume  78.06  per  cent  of  nitrogen,  21.00  per  cent 
of  oxygen,  and  0.94  per  cent  of  argon.  When  only  the  water  is 
removed,  the  carbon  dioxide  averages  about  0.03  per  cent  of  the 
whole. 

Gi-aham  has  suggested  au  illustration  which  will  make  those  pro- 
portions clearer.  He  says  that  if  we  imagine  the  air  to  l^e  divided  by 
magic  into  its  comj;«ments,  and  to  remain  sepai'ated  for  a  time  suffi- 
ciently long  to  enable  us  to  note  the  proportions,  and  if  the  sul^tanoes 
arrange  themselves  in  the  order  of  their  Bpecific  gi'avities,  we  ehould 
have  the  following  layers  resting  upon  the  surface  of  the  earth  and 
upon  one  another :  On  the  earth,  five  inches  of  water ;  above  that, 
thirteen  feet  of  carlxtn  dioxide ;  aVtove  that,  a  mile  of  oxygen  ;  and  on 
the  top,  about  fotir  nules  of  nitrogen.  This  would  be  on  the  assump- 
tion that  these  gases  were  compressed  so  as  to  have  the  same  density 
throughout.  The  recent  diacoverj'  of  argon  shows  that  we  should  add 
to  this  illustration  a  layer  of  argon,  of  about  ninety  yards  thickness, 
between  the  carbon  dioxide  and  oxygen. 
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Air  and  Health,  —  As  human  l>eings  we  have  an  especial  interest 
in  the  comi>osiliou  of  the  air,  since  our  living  depends  upon  the  oxygen 
which  we  secure  by  breathing  it.  We  draw  aboat  half  a  liter  of  air 
into  our  lungs  at  eaclj  breath,  or  about  half  a  fiibic  meter  per  hour. 
The  oxygen  gf  this  air  ia  (tartly  used,  being  fciken  up  by  the  blood, 
and  part  remains  In  the  exhaled  air.  On  the  other  hand,  carbon  dioxide 
is  given  off  in  the  lungs  and  fiaasea  out  with  the  unused  oxygen.  The 
nitrogen  is  nnaffectfd.  In  100  c.c.  of  expired  air  there  are  contained 
aboTit  15.9  c,c,  of  oxygen  and  3.7  c.c.  of  carbon  dioxide.  The  total 
quantity  of  oxygen  consumed  during  twenty-four  hours  ia  about  three- 
fourths  of  a  kilogram,  or  more  than  half  a  ciibjc  meter.  While  the 
greater  part  of  this  gains  access  to  the  Ixxly  through  the  luugs,  more 
or  less  exchange  of  gases  t^dces  place  in  all  .inimala  thi*ough  the  skin. 

The  lower  limit  of  oxj'gen  for  respirable  air  is  about  10  per  cent, 
although  a  candle  is  extinguished  if  the  proportion  f.ills  below  16.5  per 
cent.  The  union  of  oxygen  or  carbon  dioxide  ivith  the  haemoglobin 
of  the  red  blood-corpuscles  is  a  reversible  reaction.  In  the  tissues, 
where  the  concentration  of  oxygen  is  small  and  that  of  carbon  dioxide 
large,  the  former  leaves  the  hsEmoglobin  and  the  latter  combines  with 
it.  Conversely,  in  the  lungs,  where  the  concentration  of  oxygen  is  at 
a  luaxiiuum,  aud  that  of  carbou  dioxide  at  a  minimum,  the  reverse 
changes  occur. 


-  HquefartiftH  of  Oaiieg.  —  The  earliest  experiments  of  this  kind 
libetn  to  have  been  made  by  Northinorc  (1805),  who  liquefied  chlorine, 
hydrogen  chloride,  and  sulphur  dioxide.  In  1823  chlorine  was  again 
liquefied  by  Faraday ;  and  in  the  same  year  Davy,  whose  assistant 
Faraday  waa,  liquefied  hydrogen  chloride.  During  the  following  years 
^araday  reduced  other  gases  —  sulphur  dioxide,  hydrogen  sulphide, 
'nirbon  dioxide,  nitrous  oxide,  cyanogen,  and  ammonia — to  the  liquid 
condition. 

The  method  which  be  employed  was  extremely  simple.  lie  used  a 
bent  tul>e  shaj>ed  like  an  inverted  v  (A),  into  one  limb  of  which  materials 
for  producing  the  gafl  were  intro<luced.  The  nther  Umb  was  thea 
sealed  up  and  immersed  in  a  freezing  mixture.  The  gas,  usually 
liberated  by  heating,  was  liquefied  by  its  own  pressure  in  the  cold 
limb.  Hy  means  of  a  more  elatorate  apparatus,  Cailletet  and  Pictet 
simultaneously  (December,  1877)  obtained,  the  one,  a  fog,  and  the 
other,  a  spray  containing  droplets  of  liquid  oxygeo.  In  1883  Wrob- 
lewski  and  Olszewski  made  larger  amounts  of  the  same  liquid.    Aboot; 
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the  same  time  Dewar  deviaed  means  of  manufacturing  large  quantities 
of  liquid  air  and  oxygen. 

The  principle  now  used  in  liquefying  gases  depends  on  the  fact 
that  a  perfect  gas,  when  exjianding  into  a  vaowum,  should  suffer  no , 
fall   in   temperature,  since    it   does  no  work,   while   ordinary   gases 
do  become  cooled  very  slightly.     The  work  which  they  do  in  expand- 
ing in  such  circumstancses  is  done  in  over- 
coming the  cohesion  between  their  mole* 
ctiles  (p.  131),  and  occasion  for  it  arises 
from  the  fact  that  a  tearing  apart  of  the 
substance,  which    consumes   heat,  has   to 
t-ake  place.     Sine*  this  cohesion  becomes 
ujore  conspicuous  the  lower  the  tempera- 
ture (nf.  p.  135),  the  cooling  effect  of  ex- 
pansion becomes  greater  and  greater  as  the 
temperature  falls. 

By  ingenious  arrangement  of  the  appa- 
ratus, the  low  temperature  produced  by  the 
expansion  of  the  compressed  gas  is  used  to 
cool  fresh  portions  of  the  gas  which  have 
not  yet  been  expanded.  The  tul«  contain- 
ing the  compressed  gas  is  placed  concen- 
trically within  another  tube,  and  the 
stream  of  gas  after  it  has  expanded  is 
turned  back  upon  its  course  and  passes 
through  the  annular  space  along  the  tidx! 
containing  the  uncxpanded  ga.s.  This 
double  tube  is  many  yards  long,  so  that  the 

most  perfect  contact  and  t!om]>lete  interchange  of  heat  can  occur.  Thus, 
by  a  process  of  intensification,  the  temperature  of  the  unexpauded  gas 
is  continually  depressed,  and  tlie  temperature  after  expansion,  there- 
fore, becomes  lower  still.  Finally,  the  latter  temperature  becomes 
low  enough  to  produce  liquefaction  of  the  compressed  gas  at  tha^ 
pressure  to  which  it  is  subjected,  and  the  jet  of  expanding  gas  is  filled 
with  tlrops  of  li([uid.  These  are  caught  in  a  recess  of  the  vessel,  and 
may  be  removed  from  time  to  time  thi-ough  a  stopcock. 

Tlie  most  successful  apparatus  for  use  on  a  small  scale  is  that  de- 
viaed by  Hami>son  (Fig.  86).  The  compressed  gas  enters  by  the  small 
tube  near  the  top,  and  eventually  issues  by  the  wider  one.  The  inner 
tube  is  coiled  in  a  small  cylinder  to  secure  compactness,  and  a  spiral 
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partition  between  the  coils  iiroduoes  the  outer  tuhe  of  whlfh  we  have 

apokeu.     The  gas  in  the  tulw  A  (Fig.  87)  is  under  a  ]»reS8ure  of  150- 

200  atuiosphorea,     Tlie  distantie  of  the  nozzle  D  from  the  ]>lug  C  is 

a<ljuatt<(l  8o  that  the    pressure  of   the    pas  in  the 

ehaiiilifr  and  sjiiral  outer  tub©  is  reduced  to  oue 

atmo8[ihere. 

For  handhng  liquefied  gases,  a  form  of  appara- 
tus devised  independently  by  Weinhold  and  Dewar 
is  employed  (Fig.  88).  It  conaists  of  a  double 
flask  in  whinh  the  space  between  the  iinier  and 
outer  Vmllis  has  been  exhausted  by  means  of  an 
air-pump.  To  prevent  by  refleutiun  the  access  of 
radiant  heat  to  the  interior,  the  surfaces  of  the 
flasks  are  often  silvered. 

Liquid  Air. — Liquid  air  varies  in  composition, 
as  the  nitrogen  (b.-p.  —  194")  is  leas  condensible 
than  the  oxygen  (b.-p.  — 182.5").  It  boils  at  about 
—  190°,  and  contains  about  54  per  cent  of  oxygen 
by  weight,  while  air  contains  23.2  per  cent, 
allowing  evaporation  to  go  on,  a  liquid  containing 
75  to  95  per  cent  of  oxygen  ia  easily  obtained  (' 
p.  6.3).  The  gas  seemed  by 
the  e  vaporation  of  the  residue 

is  pumped  into  cylinders  and  sold  as  compressed 

oxygen.      Cartridges   made  of  granular  cbircoal 

and  cotton  waste,  when  saturated  with  liquid  air, 

have  been  used  afi  ^n  explosive  in  mining. 


FlO.  87. 


The  Hbliitk   Family. 

jilrffon.  —  Lord  Rayleigh  was  the  first  to  ob- 
serve that,  while  specimens  of  oxygen  and  other 
gasea  made  purposely  from  vai'ious  sources  always  jr,a_  gji. 

had  the  same  density,  nitrogen  was  an  exception. 
One  liter  of  nitrogen  made  from  air,  and  supposed  to  \ye  pui-e,  weighed 
1.2672  g.  When  the  gas  was  manufiwtured  by  decomposition  of  five 
different  compounds,  such  as  urea  and  certaui  oxides  of  nitrogen,  the 
results  agreed  well  amongst  themselves.  The  mean  weight  of  a  liter 
of  this  nitrogen  was  only  1.2505  g.    The  difference,  amounting  to  nearly 
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7  mg.,  was  very  much,  greater  than  the  Bxperiinental  error.  The  sui- 
picion.  naturallj'  aroae  that  some  heavier  gas  was  present  in  natural 
nitrogen.  Soon  after  (1894),  Professor,  now  Sir  William  Eamsay 
obtained  a^on  by  removal  of  the  greatly  preponderating  nitrogen  by 
raeaas  of  magnesium  (p.  427),  The  new  gaa  had  a  moleeulai-  weight  of 
about  40,  and  was  therefore  more  than  one-third  heavier  than  nitrogen. 

In  order  to  make  sure  that  thts  substance  did  not  have  ita  tjource  in  the  magne- 
sium, &  diflerent  method  was  uaed  by  Lord  Rayieigb  to  separate  it  from  nitrogeu. 
Me  inclosed  tlie  uitrogeo  with  a  sufficient  quantity  of  oxygen  in  a  flitslc,  through 
the  sides  of  which  pluttuum  poles  had  tieen  inserted.  A  tube  entered  the  flask  by 
the  neck,  and  through  this  a,  constant  fountain  of  potasaium  hydroxide  solution 
played  upon  the  interior  and  kept  the  surface  covered  with  fresli  qitaotlties  of  the 
liquid.  Another  tube  permitted  the  overflow  of  tbe  excess  of  this  golution.  The 
dliicharge  of  electricity  produced  nitrogen  telroxide  ig.T>.),  whicli  was  absorbed  by 
tlie  potassium  hydroxide  to  form  potassium  nitnite  and  potassium  nitrite.  Tlie 
volume  of  gas  thus  continually  diminished,  and,  by  persistent  sparking  of  the  mix- 
ture with  oxygen,  thu  nitrogen  was  finally  !i11  taken  out.  The  excess  of  oxygon 
was  then  removed,  atid  the  gaa  which  remained  was  found  to  be  identical  with  ihftt 
which  Banway  had  obtained. 

Lord  Rayleigli'a  wetliod  waa  exlrumely  interesting,  since  it  was  a  reproduction 
of  an  experiment  made  by  t'asendish  towai^s  the  end  of  tiie  eighteentli  century. 
The  latter  had  remarked  that  tlie  .tssumptlon  that  the  inert  atmospheric  gas  was  %  , 
homogeneous  single  substance  had  not  been  conflrmed  by  Kufflciently  careful  ex-  ' 
periment.  He  even  endeavored  In  precisely  the  above  way  to  remove  the  nitro- 
gen in  order  to  see  whether  any  other  body  remained.  lie  records  the  fact  that 
the  residual  gas  was  nothing  but  a  minute  bubble,  and  seems  to  have  dismissed  the 
subject  with  the  idea  that  if  there  was  any  other  constituent  of  the  atrooHphere 
present  in  the  nitrogen,  its  amoimt  was  exceedingly  small.  Argon  tJius  narrowly 
escaped  detection  nearly  a  century  before  its  actual  discovery. 

The  exact  density  of  argon,  referred  to  oxygen  =  32,  is  39.9. 
When  liquefied  it  boils  at  —  186°,  and  the  colorless  solid,  obtained  by 
oooling  the  liquid,  melts  at  —  189.6°.  The  solubility  of  the  gas  in 
water  (4  volumes  in  100)  is  two  and  one-half  times  that  of  nitrogen.  It 
has  not  been  found  to  enter  into  any  sort  of  ehemical  combination,  and 
was  named  argon  on  this  account  (Gk.  apyo^,  inactive). 

Since  the  atomic  weight  of  a  substance  is  a  qtiautity  showing  the 
proportion  in  which  it  enters  into  eombinatiou,  it  ■will  be  seen  that 
argon,  aince  it  has  not  yet  been  found  to  combine  with  anything,  has, 
to  speak  strictly,  no  atomic  weight  (pp.  201,  207).  At  the  same  time,  it 
is  manifestly  a  question  of  interest  to  determine  whether  the  physical 
properties  require  the  supposition  that  the  molecule  of  argon  contains 
one  atom,  or  more  than  one  atom. 

If  gaaes  were  composed  of  perfectly  elastic  spheres,  the  molecules 
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would  be  altered  only  in  respect  to  velocity  of  movement  by  heating. 
Calculation  enables  us  to  determine  tliat  to  raise  tlie  temperature  of 
one  G.M.  V.  of  sack  n  gas  liy  one  degree  would  require  3  oalories  in 
every  ease.  Now  Regnault  fouud  the  following  values  (iu  calories)  for 
the  heat  capacity  of  gases ; 

Oxygen  (0,) AM  Carlwn  dioxide  (CO,)  .     7.56 

Hydrogen  (H,)     .     .     .     .  4.82  Sulphur  dioxide  (SO^,      7.82 

Nitrogen  (Nj)      ....  4.82  Chloroform  (CHCl.)     .  16.55 

Hydrogen  chloride  (HCl),    4.76  Alcohol  (C,H,0)      .     .  18.70 

These  gases  evidently  are  not  constituted  fis  the  hypothesis  with 
which  this  paragraph  ojjcned  supposes.  Some  heat  m  consumed  in 
work  done  imide  the  polyatomic  molecules,  and  the  amounts  by  which 
the  numbers  exceed  'A  calories  show  that  the  intramolecular  work  is 
greater  as  the  comjdexity  of  the  molecules  increases.  Now,  in  mercury 
vapor  the  value  is  exactly  3,  and  we  have  already  seen  that  its  atomic 
and  molecular  weiglits  are  ideutical  (p.  205),  According  to  the  molec- 
ular liypothesis,  its  molecules  are  monatomic,  and  in  them  there  is  no 
opportunity  for  the  consumption  of  heat  in  intramolecular  change. 
Hence,  when  argon  was  found  likewiae  to  give  3  for  the  value  of  its 
molecular  heat-capacity,  identity  of  its  atomic  and  molecular  weights 
was  assumed  also. 

Helium.^  In  18(58  Lockyer  first  detected  an  orange  line  in  the 
spectnim  of  the  sun's  prominences  which  was  not  giveu  by  any  terrestrial 
substance  then  known.  The  Une  was  ao  conspicuous  that  it  was  attrib- 
uted to  the  preseuce,  in  considerable  quantity,  of  a  new  chemical  ele- 
ment, which  was  named  belium  (<jk.  ijAtos,  the  sun).  Eamsay,  in 
searching  for  sources  of  ai'gon,  examined  the  "nitrogen"  which  was  re- 
ported by  various  mineralogists  as  being  disengaged  when  certain  rare 
minerals  were  heated.  These  minerals,  cleveite,  uraninite,  and  brog- 
gerite,  were  chiefly  comjiounds  of  uranium,  yttrium,  and  thorium.  He 
was  surprised  to  liud  (^1895)  that  tlie  gas  was  not  always  nitrogen,  nor 
was  it  even  argon.  It  frequently  contained  a  large  proportion  of  a  gas, 
very  nmch  lighter  than  either,  the  ajjectrum  of  which  showed  at  once  that 
it  was  identical  with  helium.  The  same  gas  has  since  been  obtained 
from  the  water  of  certain  mineial  s])rintjs.  and  is  found  in  small  amount 
tn  the  atmosphere.  Helium  does  not  exhibit  any  tendency  to  enter  into 
combination,  either  with  the  elements  which  its  parent  minerals  con- 
tain, or  with  any  others.  It  is  monatomic  (f/.  p.  435) ;  its  density  shows 
that  its  molecular  weight  is  4.     It  has  not  beeu  liquefied  by  Dewar. 

t J 


THE   ATMOSPHERE.      THE  HELIUM  FAMILY  437 

Neon,  Krypton,  and  Xenon.  —  When  the  argon  obtained  from 
atmospheric  nitrogen  is  cooled  with  liquid  air  (  —  186°),  the  argon, 
krypton,  and  xenon  are  liquefied,  and  the  neon  and  helium  are  dissolved 
by  the  liquid.  When  heat  is  allowed  to  reach  the  mixture,  the  last 
two  gases  escape  first,  along  with  much  argon.  When  most  of  the 
argon  has  escaped,  the  krypton  and  xenon  still  remain  liquid.  By 
repeated  liquefaction  and  fractional  evaporation  (see  under  Petroleum), 
the  krypton  and  xenon  are  separated  from  the  argon  and  from  one 
another.  When  the  vessel  containing  the  mixture  of  helium  and  neon 
is  immersed  in  liquid  hydrogen  (—240°),  the  second  freezes  to  a  white 
solid,  and  the  helimu,  which  remains  gaseous,  can  be  pumped  off. 

These  gases  are  all  entirely  inactive  chemically,  and  are  all  mon- 
atomic.  Their  molecular  weights  are  :  Neon,  20;  krypton,  81.6;  xenon, 
128. 

Exercises.  — 1.  A  sample  of  moist  air,  confined  over  water  at  16° 
and  760  mm.,  occupies  15  c.c.  It  is  mixed  with  20  c.c.  of  hydi-ogen,  and 
the  mixture  is  exploded,  and  suffers  a  contraction  of  9.5  c.c.  What 
would  be  the  volume  of  the  oxygen  it  contained  if  measured  dry  at  0° 
and  760  mm.  ? 

2.  Calculate  from  the  data  on  pp.  427,  428  and  the  densities  the 
percentage  by  weight  of  the  three  principal  components  of  air. 


CHAPTER    XXVT 

OXIDES  AND   OXYGEN  ACIDS  OP  NITROOEII 

The  Qames  iiud  formulie  of  the  oxides  aud  oxygen  acids  of  nitroge 
are  aa  follows ; 


Nitrous  oxide  NjO  -= 

Nitric  oxide  NO 

Nitrous  anhydride  NjO,  < — — — - 
Nitrogen  tetroxide  N,0(  and  N(\, 
Nitric  anhydride  N,Oj     < 


Ilypooitrous  acid  H^NjO, 


Nitrous  acid  HNO, 


Nitric  acid  HNOg. 

All  the  oxides  are  endothermal  compoimds,  yet,  with  the  exceptions  of 
the  third  aud  the  last,  they  are  all  relatively  stable.  The  acids,  when 
deprived  of  the  elements  of  water,  yield  the  oxides  opposite  which 
they  stand.  Conversely,  excepting  in  the  case  of  nitroua  oxide,  the 
anhydrides  with  water  give  the  acids.  All  of  these  substances  are 
obtained  directly  or  indirectly  from  nitric  acid  —  nitric  anhydride  by 
remo\'ul  of  water,  the  others  by  reduction.  We  turn,  therefore,  first, 
to  this  acid,  its  sources  aud  properties. 


Nitric  Acid. 

Soureeg,  —  Sodimn  nitrate,  or  Chili  saltpeter,  is  found  in  a  des- 
ert region  near  the  boundary  of  Chili  and  Peru,  and  chiefly  in  the 
former  country.  The  deposit  is  about  5  feet  thick,  2  miles  wide, 
220  miles  In  length,  and  contains  20  to  55  per  cent  of  the  salt.  Puri- 
fication is  effected  by  reerystallization.  Potassium  nitrate,  or  Bengal 
Balt{>eter,  is  found  in  the  soil  in  the  neighborhood  of  cities  in  India, 
Persia,  and  other  oriental  countries.  It  arises  from  the  oxidation  of 
animal  refuse  (cf.  p.  417)  through  the  mediation  of  nitrifying  bacteria. 
The  potash  and  lime  in  the  soil,  along  with  the  product  of  oxidation  of 
the  nitrogen,  give  nitrates  of  potassium  and  calcium.  The  aqueous 
extract  of  this  soil  is  treated  with  wood  ashes,  on  account  of  the  potash 
(K^CO,)  contained  in  them,  is  poured  off  from  the  calcium  carbonate 
thus  precipitated,  and  is  finally  evaporated. 
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The  action  of  the  nitrifying  bacteria  niay  bo  imitated  in  a  rough  way.  Air  la 
caused  to  paaa  slovrly  tliruugb  coiacaiitrated  aqueous  ammonia,  whereby  it  becomes 
mixed  with  ammonia  ga».  TbiB  mixture  U  led  through  a  wide  tube  containing 
platinized  asbestos  and  in  then  diBcharged  into  a  large  flaMk.  Wiieu  the  asbestos  is 
warmed,  it  begins  to  glow,  and  thereafter  the  action  maintains  itself.  A  part  of 
the  ammonia  is  oxidized  to  nitric  add,  which  oombinos  with  the  excess  of  ammonia, 
giving  ammonium  aitrate.  This  salt  forms  a  cloud  which  settles  in  solid  form  in 
the  flask. 

Freparation.  —  When  any  nitrate  is  treated  witt  any  acid,  nitric 
acid  ia  formed  by  a  reversible  double  decomposition.  As  sodium 
nitrate  is  the  cheapest  salt  of  nitric  acid,  it  is  always  employed.  For 
the  same  reason,  and  on  account  of  its  activity,  and,  above  all,  because 
of  its  relative  involatility,  sulphurio  acid  is  used  to  displace  it : 

NaNO,  +  H,SO,  ±=f  NaHSO«  +  HKO,f . 

The  nitric  acid  is  rather  volatile  (b,-p.  86°),  while  sulphuric  acid  (b.-p. 
330°)  is  much  less  so,  and  the  two  salts  are  not  volatile  at  all.  Thus 
the  interaction  proceeds  to  completion  veiy  easily  (ef.  p.  259).  The 
materials  are  heated  in  cast-iron  stills,  and  the  vapor  ia  condensed  in 
earthenware  pipes  surrounded  by  water.  In  many  factories  a  reduced 
pressure  is  maintained  in  the  stills  and  condensers,  in  order  that  the 
distillation  may  take  place  at  the  lowest  possible  temperature.  This 
precaution  is  taken  to  reduce  to  a  minimum  the  partial  decomposition 
of  the  nitric  acid  (see  below). 

Another  action  by  which  attempts  are  being  made  to  manufacture 
nitric  acid  is  the  direct  union  of  the  nitrogen  and  oxygen  of  the  air 
under  the  influence  of  an  electric  discharge.  The  niti'ogen  tetroxide 
(NO,),  which  is  formed  in  small  amoimts  at  a  time,  is  dissolved  in 
water ; 

3K0,  +  H4O  ?±  2HN0,  +  NO. 

The  nitric  oxide  gaa,  on  escaping  from  the  water,  unites  directly  with 
oxygen  to  reproduce  the  tetroxide.  The  reaction  is  of  interest,  inde- 
pendently of  this  one  application,  because  of  its  reversibility.  It  pro- 
ceeds forward  with  excess  of  water,  while  the  reverse  action  takes 
place  when  nitric  oxide  (q.v.)  comes  in  contact  with  concentrated  nitric 
acid  in  which  the  quantity  of  water  is  at  a  minimum. 

Physical  FropetUes.  —  Nitric  acid  is  a  colorless,  mobile  liquid, 
boiling  at  86°,  and  freezing  to  a  solid  which  melts  at  —  47*^.     It  fumes 
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•feraogly  niien  its  rapor  usnes  into  moist  air  {tf.  p.  28?).  An  aqoeoos 
•olntion  oantaininf?  <>8  per  cent  of  the  acid  boils  at  120.J',  while  the 
pore  acid,  pore  water,  and  all  other  suxtmes,  boil  at  lower  tempezafcona, 
and  have,  therefore,  higher  vapof  preasar&w  On  this  acooont  i 
dilate  acid,  wbeo  beatad,  loses  water  antfl  it  reacbes  this  atrai 
(ef.  p.  ISZ).  The  68  per  cent  nitric  acid  forms  the  "  eonoentrsted 
nitric  acid  "  of  commerce. 


Chrmlr.nl  Prttffertien,  —  L  Like  chloric  acid  (p.  274),  and  other 
oxj'((i?t'  aciils  of  tlie  hal^'ens,  nitrio  at-id  is  most  stable  wheii  mixed 
with  wat«!r.  Tlie  jiurti  (1(K)  jier  cent)  acid  decomposes  while  being 
distille«l : 

411  SO,  -♦  4N0,  +  2HjO  +  0„ 

yet  not  wit.ii  fixp!o!*ive  violence  like  chloric  acid.  The  distillate  is 
0Olore<I  brown  by  disiMilved  nitroi.;en  tetroxide  (NO,).  Repeated  dis- 
tillatitjii  finally  leaves  (IS  [>er  (»>nt  of  tlie  acid,  mixed  with  32  per  cent 
of  wat4:r  forineJ  by  tbi;  aUjve  detonjjjosition.  The  acid  of  constant 
boiling-point  in,  therefore,  rea<^;hed,  as  ustnal,  from  more  concentrated  as 
well  as  from  leas  eouceiitrated  Bpecjinens. 

"  Fuming"  nitric  add  itt  brown  in  color,  and  contains  a  euusiderable 
amount  of  flissolved  nitrogen  tetroxide.  It  is  ma<le  by  distilling  the 
a<!id  with  fi  littliv  stiirnh.  The  latter  reduita  a  part  of  the  nitric  acid 
and  liberates  more  of  the  tetroxide  than  does  mere  distillation. 

2.  Nitric  acid  combines  with  small  amoonts  of  water  to  form 
hydrates  HNOjjHjO  and  HN0g,3H„0,  but  they  are  unstable,  and  are 
dfi'.om]>osed  wlien  more  wat*r  is  added.  The  formula  of  the  former 
might  Ijc  written  H^O,,  but  no  salts  corresponding  to  a  tribasic  acid 
of  thin  constitution  are  known  Csee  Phosphoric  acid). 

3.  Nitric  acid,  when  dissolved  in  water,  is  highly  ionized,  and  gives 
a  soliilioTi  ('(HitnininK  a  relatively  large  ccmeentTatinn  of  bydrion.  It  is 
therefore  active  as  an  sictd.  Hy  interaction  with  hydroxides  and  oxides 
it  forms  nitrates. 

•1.  When  pure  nitric  anid  (l>.-p.  86°)  is  poured  upon  phoephoric 
anhydride,  the  latter  jjossesses  itself  of  the  elements  of  wateri  and 
distillation  of  the  mixture  gives  nitric  anhydride : 

2HN0,  +  P,0,  -^  N,0,  \  +  2IIP0,. 

The  aBbrdrlde  is  a  white  solid  melting  at  30^  and  boiling  at  45°.  It 
tmiteti  rigorously  with  water  to  form  nitric  acid.     It  cannot  be  kept,  as 
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jfc  decomposes  into  nitrogen  tetroxidc  and  oxygen,  SNjOj  -*  4N0a  +  0„ 

with  liberation  of  heat. 

5.  Like  the  unstable  oxygen  acids  of  the  halogens,  nitric  acid  is  an 
oxidizing  agent  even  when  diluted  with  water.  The  multiplicitj'  of 
the  products  into  which  it  may  be  decomposed  by  reduction,  howevnr, 
renders  sejiarate  treatment  of  this  property  necessary  (see  below). 

6.  Nitric  acid  interacts  energetically  with  many  compounds  of 
Oix-bon.  Thus,  when  heated  with  phenol  (carbolic  acid)  it  gives  picric 
acid,  which  crystallizes  in  yellow  needles  in  the  mixture : 

C,Ht(OH)  +  3H0N0,  -.  U,Ha(OII)(NO^,  +  3Ufi. 

The  presence  of  water  decreases  the  activity  of  the  molecules.  Hence, 
in  this  sort  of  action,  which  is  not  iooic,  not  only  is  the  most  coneeu- 
trated  nitric  acid  employed,  but  cfmcentnitt'd  sulphuric  acid  is  added  to 
assist  in  the  elimination  of  the  water  {n/.  p.  388)  that  arises  as  one 
of  the  j)roduets. 

It  will  be  seen  that  the  group  NOj  has  taken  the  place  of  hydro- 
gen which  was  formerly  attached  directly  to  the  tairlion  of  the  phenol. 
Compounds  of  this  kind  are  called  nitro-derivatives.  I'icrio  acid  is 
trtnitrophenoL 

7.  Organic  compounds  of  another  class,  the  alcohols  (y.'*.},  interact 
with  molecidar  nitric  acid  in  a  different  way.  Thelatter  ,is  mixed  with 
sulphuric  acid  with  the  same  object  as  before.     Thus,  when  glycerine 

Iis  added  slowly  to  the  cocsled  mixture,  glyceryl  nitrate  (so-called  nitro- 
l^cerine,  see  below)  is  produced  :  ^J 

'  C,H,(OH),  +  3H0N0,  ^  C,H,(ONO,).  +  3HA  ^ 

Here  it  is  the  hydrogen  of  the  hydroxyl  groups  that  is  displaced  by 
NOj.  The  action  is  not  ionic,  and  the  product  is  not  an  iunogen. 
Gun-<"«tton  is  made  by  this  action,  pi*epared  cotton  (cellulose)  being 
employed  : 

^  (C.H.A).  +  6H0NO,  ^  C.,ir„0,,(Nn,).  +  61£,0. 

^^        8.   Ifitric  acid  produces  sulwtanees  of  bright-yeUow  color,  kunwu  as 

I         xanthoproteic  acids,  when  it  comes  in  contact  with  the  skin. 

I  The  chemical  properties  of  nitric  acid  are  best  represented  by  the 
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Nitrates.  —  The  nitrates  are  all  more  or  less  easily  soluble  in 
■ter.  When  heated  they  decompose  (see  below).  Sodium  nitrate  is 
used  most  largely  as  a  fertilizer.  Much  is  employed  in  sulphuric  acid 
manufacture,  and  the  rest  for  conversion  into  potassium  nitrate  aud  in 
making  nitric  acid.  Potassium  nitrate  is  used,  along  with  sulphur  aud 
charcoal,  in  the  manufacture  of  gimpowder.  It  furnishes  the  oxygen 
with  which  the  charcoal  unites  ;  and  potassium  sulphide,  carbon  dioxide, 
and  nitrogen  are  amongst  the  products  of  the  explosion. 


NiTBic  Oxide  a^d  Nitkooen  Tetroxide. 


P  Preparation  of  Kitric  Oxide.  —  Pure  nitric  oxide  is  obtained 

I  by  adding  nitric  acid  to  a  boiling  solution  of  ferrous  sulphate  in  dilute 

I  sulphuric  acid  or  of  ferrous  chloride  in  hydrochloric  acid  : 

^^  2FeS0, +  H,SO. -*Fe,{SOj,  (+2H)   x3              (1) 

^H  (3H)  +  HNO,  -*  NO  +  2H,0            x  2              (2) 


6FeS0^  +  SHsSO,  +  2HN0,  -+  3Fe,(S0,),  +  2N0  +  4H,0. 


The  first  partial  equation  does  not  take  place  at  all  unless  an  oxidizing 
agent  like  nitric  acid  is  present  (p.  307).  The  multiplication  of  the 
two  partial  equations  by  3  and  2  respectively  is  required  in  order  that 
the  hydrogen,  which  is  not  a  product,  may  cancel  out.  This  action  is 
used  as  a  means  of  determining  the  quantity  of  nitric  acid  in  a  solution, 
or  of  nitrates  in  a  mixture,  by  measurement  of  the  volume  of  nitric 
oxide  evolved. 

As  we  shall  see,  this  gas  may  also  be  obtained  when  sufficiently 
dilute  nitric  acid  (sp.  gr.  1.2)  acts  uijon  copper.  Although  some 
nitrous  oxide  aud  nitrogen  are  produced  in  this  interaction,  it  fur- 
aishes  a  convenient  method  of  generating  the  gas. 

Propertien  of  Nitrie  Oxide.  —  Nitric  oxide  is  a  colorless  gas.  In 
solid  form  it  melts  at  — 150°  and  the  liquid  boils  at  — 142.4'  under  757,2 
mm.  pressure.     Its  solubility  in  water  is  slight. 

The  density  of  the  gas  shows  the  formula  to  be  NO  ;  and  there  is  no 
tendency  to  form  a  polymer,  such  as  NjO,,  even  at  low  temperatures. 
This  gas  is  the  most  stable  of  the  oxides  of  nitrogen.  At  1700°  about 
0.5  per  c«nt  decomposes  into  nitrogen  and  oxygen.  At  2fl00''  the 
decoiupoBition  reaches  1  i>er  cent.  These  measurements  indicate 
simply  the  relative  rates  at  which  the  resolution  into  its  components 
oocuis,  for  the  action  is  not  reversible,  and  no  equilibrium  is  established, 
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P  Vigorously  burning  phosphorus  contitmes  to  burn  in  the  gas,  the 

I  heat  evolved  liberating  the  oxygen  required  for  the  eontinuation  of  the 

I  combustion.     Burning   sulphur   and    an    ignited   taper,  however,  are 

I  extinguished. 

'  Nitric  oxide  has  two  characteristic  properties.    It  unites  directly 

with  oxygen  in  the  cold  to  form  the  reddish-brown  nitrogen  tetroxide  : 

2]SrO  +  O,  i=^  2X0,. 


The  same  result  follows  when  it  ia 
acid  (fi/.  p.  439)  : 

NO  +  2HN0,  f: 


led  into  warm  concentrated  nitric 


3N0,  +  H,0. 


: 


It  also  unites  with  a  number  of  salts,  the  compound  in  the  case  of 
ferrous  sulphate  being  capable  of  existence  in  solution  and  possessing 
a  brown  color.     The  composition  of  this  compound  (a  molec- 
ular compouud,  see  below)  hits  not  been  determined,  but  at 
8"  the  proportion  of  nitric  oxide  absorbed  by  the  solution  is 
about  2N0  :  3FeS0,, 

Since  ferrous  sulphate  will  first  reduce  nitric  acid  to  nitric 
oxide  {p.  442),  and  the  excess  of  the  salt  will  then  give  a 
brown  color  with  the  product,  a  delicate  test  for  nitric  acid  is 
founded  upon  the  above  action.  The  substance  supposed  to 
contain  a  nitrate  is  mixed  with  a  strong  solution  of  ferrous 
sulphate,  and  concentrated  sulphuric  acid  is  poured  down  the 
side  of  the  tube  so  as  to  lie  below  the  lighter  mixture  (Fig. 
89).  At  the  surface  of  contact  the  sulphuric  acid  literates 
the  nitric  acid,  and  a  brown  layer  is  seen.  Even  when  the 
amount  of  the  nitrate  is  very  small,  the  brown  tint  may  be 
distinctly  made  out  by  contrast  with  the  nearly  colorless  V';^ 
liquids  above  and  below  it.  no 


JIfoleculaf  Cotnpounds,  —  When  substances  formed  by  union  of 
two  compounds  have  a  prevailing  tendency  to  decompose  into  the 
same  two  materials,  and  exhibit  the  chemical  properties  of  their  con- 
stituents rather  than  individual  ones  of  their  own,  they  are  often 
called  molecular  oompounds.  Thus  the  above  substance,  SFeSO^^ 
2N0,  gives  off  the  nitric  oxide  again  when  warmed,  and  its  solution 
has  the  properties  of  a  mixture  of  ferrous  sulphate  and  nitric  oxide. 
Similarly,  hydrates  (pp.  1205 123)  are  formed  by  union  of  salts  or  other 
Babetances  with  water,  and  are  apparently,  for  the  moat  part,  decom- 
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posed  by  solution.     Double  salts  (p.  360),  such  as  ferTona-anmionium 
sulphate  FeS04,(NH4)jSO<,  6H,0,  of  which  veiy  many  are  known,  are 
of  the  same  character.     They  are  stable  only  in  the  solid  form.    Ther 
are  also  cumpouuds  of  salts  with  ainmorua  (see  Compounds  of  copperJ 
and  silver),  and  with  carlxm  monoxide  (CO),  one  such  compound  being ' 
formed  with  cuprous  chloride  (q.i'.). 

The  name  molecular  enmpoimds  is  derived  from  the  supposition 
that,  in  these  coiajwunds,  the  molecules  of  the  components  retain  their 
integrity  to  some  extent  and  are  thus  rea<ly  to  be  liberated.  This  is 
an  attempt  to  explain  the  fact  that  tlie  tehavior  is  that  of  the  con- 
stituents. It  distin^ishes  molecular  compounds  from  substances  like 
ammonium  ehloride  and  phosphorus  pentaebloride.  The  former  may 
bo  made  by  union  of  IICI  and  I^H„  but  usually  behaves  rather  as  if 
composed  of  NH,  and  CI.  The  latter  (q-v.)  dissociates  into  PCI,  and 
CLj,  hut  with  water  gives  phosphoric  acid  {rf.  p.  181),  which  is  derivable 
from  the  i>entachloride  only.  The  distinction  is  of  practical  rather 
than  theoretical  importancej  however,  for  there  are  all  gradations  in 
the  behavior  of  molecular  compounds.  It  is  useful  simply  as  a  rough 
means  of  classifying  and  remembering  certain  facts. 

l->istiiiguishing  molecular  compounds  from  ordinary  compounds  is 
further  justified  by  the  fact  th;it  the  constituents  of  molecular  com- 
pounds often  seem  to  be  saturated  (p.  379),  and  no  ordinary  valences 
are  available  for  htildini;  the  new  material.  Thus  in  Ca"CI,*  the 
ordinary  valences  are  all  saturated.  Yet  the  salt  forms  the  hydrate 
CaCl„GH,0  with  water  ( H,'0")  which  is  likewise  a  saturated  compound. 
The  conception  of  molecular  compounds  imphes,  therefore,  the  idea  of 
a  sort  of  valence  of  moteciih's.  Thus  FeSO^  forms  reS0„7H,O  and 
FeS0<,(Xlij),.S04,Gll,0,  and  FeSO„K,SO„6H,0,  m  all  of  which 
aeven  other  molecules  are  combined  with  it.  The  sulphates  of  other 
bivalent  metals  (ij.v.),  sui;b  i^  copper  aud  magnesium,  form  molecular 
compounds  of  the  same  natui-e.  Anuuooium  chloride,  on  the  other 
hanil,  is  not  a  molecular  comjiound,  because,  although  NH,  unites  with 
llCl,  HBr,  HI,  and  IIF,  yet  nitrogen  is  quinquivalent, and  substancea 
like  NjOj,  NIIjCI,  etc.,  may  fitly  be  regarded  as  ordinaiy  compounds. 


Freparatiitn  of  Nitrogen,  Tetroxide.  —  This  substance  is  liber- 
ated by  heating  nitrates,  other  than  those  of  jx>tassiuin,  sodium,  or 
ammonium : 

2Cu(N0,),  —  2CaO  +  4N0,  +  O^ 
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In  most  rases  the  oxide  of  the  metal  retuaina.  Wlien  the  mixed  gases 
are  led  through  a  U-tube  immersed  in  a  treezing  mixture,  the  tetroside 
condeoses  as  a  pale-yellow  liquid,  aud  the  oxygen  passes  on. 

The  compound  may  also  be  made  by  direct  uniou  of  nitric  oxide 
and  oxygen,  or  by  oxidation  of  nitric  oxide  by  concentrated  nitric 
acid  (p.  443).  It  is  likewise  abuoat  the  sole  product  of  the  inter- 
action of  concentrated  nitric  acid  and  copper  (see  below).  If  any 
nitric  oxide  were  produced  by  the  primary  action,  it  would  be  oxidized 
to  nitrogen  tetroxide  in  passing  up  through  the  acid. 

ProjyevUes  of  Kitrogen  Tetroxide.  —  The  most  striking  pecul- 
iarity of  this  gas  is  that,  when  hot,  it  is  deep  brown  in  color,  and 
when  cold,  pale  yellow.  When  cooled,  it  gives  a  pale-yellow  ii(iuid  boil- 
ing at  22°,  and  an  almost  colorless  solid  melting  at  aboot— 12".  The 
density  of  the  vapor  decreases  very  rapidly  from  27'"  to  140',  and 
increases  again  as  the  temperature  falls.  The  molecular  weights 
calcubited  from  these  observations  are :  at  27°,  70.7 ;  at  70', 
65,6;  at  1.35",  46.3;  at  164°,  45.7.  Now  the  molecular  weights  cor- 
responding to  the  formulae  N,0,  and  NO,  are  92  and  46  reBpectively, 
8o  that  these  results  mean  that  the  deep-brown  giis  is  NO,,  and  tliat  as 
this  is  cooled  it  combines  to  foi'm  the  colorless  K^O^.  Mciisurement  of 
the  depression  the  substance  causes  in  the  freezijig-point  {<•/.  p.  291)  of 
glacial  acetic  acid  gives  the  molecular  weight  92,  so  that  in  solution 
and  at  the  temperature  of  freezing  acetic  acid  (below  17°)  the  sub- 
stance is  aU  NjO,. 

When   the    temperature   is   carried  above    154°,  by  passing    the 
brown  gas  through  a   red-hot  tube,  the  brown  color  disappears  once 
I  more,  and  nitric  oxide  and  oxygen  are  formed.       On  cooling,  the  same 
Steps  through  brown  gjis  to  pale-yellow  gas  are  retraced  : 


2N0  -I-  O,  i 

Colorless 


2N0, 


N,0„ 


Brown     Colorless, 


Since  nitrogen  tetroxide  yields  free  oxygen  more  readily  than  does 
nitric  oxide,  most  ordinary  combustibles  burji  in  it.  It  has  powerful 
oxidizing  properties  ;  and  "  fuming  niti'ic  iund,"  which  coutaina  it  in 
solution,  is  employed  when  oxidation  is  the  special  object  in  view. 

This  oxide  is  intermediate  in  composition  between  nitrous  and 
nitric  anhydi-ides,  and,  when  dissolved  in  cold  water,  gives  both  nitric 
ajid  nitrons  acids : 

N,0,  -1-  H.0  -  *  HNO,  +  HNO^r 
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If  a  base  is  present,  a  mixture  of  the  nitrate  and  nitrite  of  the  metal 
is  produced  (c/.  p.  275). 

When  the  water  is  not  cooled,  the  nitrous  add  (q.v.),  heing  im- 
atablo,  gives  nitric  oxide  and  nitric  acid,  so  that  the  result  ia : 

3N0j  +  HjO  iz*  2ILN0,  +  NO. 


OxiniziNO  Actions  of  Nithic  Acid. 

T^Tien  nitric  acid  gives  up  oxygen  to  any  body,  it  is  itself  reduced. 
Hence,  according  to  convenience,  we  shall  refer  to  oxidations  by,  or 

t  reductions  of  nitric  acid. 
IfascetU  JIffdroffen-  —  The  extent  to  which  the  acid  is  reduced 
by  nascent  hydrogen  depends  on  the  particular  metal  with  which  the 
hydrogen  is  in  contact  when  liberated  (/■/  p.  424).     Thus,  with  zinc 
and  very  dilute  nitric  acid,  almost  the  only  product,  aside  from  zinc 


4Zn  + 
(8H)  + 
NH,+ 


8HN0,  ->  4Zn(N0,)j  (+  8H) 
HNO,  -,  NH.  +  3H,0 
HNO,  -.  NH.NO, 


(1) 
(2) 

(3) 


4Zn  +  lOHNO,  -►  4Zn  (NO,),  +  NH,NO,  +  311,0 


With  the  excess  of  nitric  acid,  auuuonium  nitrate  is  formed.  Again, 
when  tin  is  the  metal,  the  reduction  is  leas  complete,  and  hydroxy lar 
mine  is  a  pr<nluet  (p.  423). 

Wlien  metals  more  active  than  zinc,  such  as  magnesium,  are  used, 
gome  of  the  hydrogen  escapes  oxidation  and  ia  liberated. 

tteavff  Metata.  —  Metals  less  active  than  tin,  such  as  copper 
and  silver,  do  not  displace  hydrogen  from  dilute  acids  (p.  362),  but 
reduce  nitric  acid,  nevertheless,  and  are  converted  into  nitrates. 
Platinum  and  gold  (<*/.  p.  389)  alone  are  not  attacked.  Thus,  copper, 
with  somewhat  diluted  nitric  acid,  gives  eupric  nitrate  and  nitric  oxide 

I  (NO).     In  making  the  equation  for  this  action  we  may  resolve   the 
formula  of  nitric  acid  into  those  of  water  and  the  anhydride  H,0,N,0,. 
This  shows  that  the  two  molecules  of  the  acid  will  give  2N0,  and  30 
will  remain : 
2HN0,  -*  H,0  +  2N0  ( +  30)  (1 ) 

(30)  +  eHNO,  +  3Cu  -*  3H,0  +  3Cu(yO,).  (2) 


8HNO,  +  3Cu  ->  4HJJ  +  2110  +  3Cu(N0.), 
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The  nitric  oxide  ia  liberated  as  a  colorless  gas,  but  forms  the  brown 
teti'oxide  at  once  on  meeting  the  oxygen  of  the  air  (p.  443), 

When  fQHce,iitrated  nitric  acid  ia  used  with  copper,  almoat  pure 
nitrogen  teti'oxide  is  obtained  : 


b 


2HN0, 

(0)  +  2Ii2iIO,  +  011- 


.H,0  +  2N0,  (+0) 
,  H.0  +  Cu  (NO,), 


(1) 

(2) 


4HN0,  4-  Cu  -♦  2H,0  +  2N0,  +  Ou(NOj,), 


Tbe  equations  for  ocLtuaB  like  the  above  may  be  built  up  from  partial  equations 
of  TsjiouB  iLintls  {cf.  p.  220),  Tliuii  we  niSky  begin  by  forming  tbe  nitrate  of  tbe 
tnetal,  and  then  u»e  the  balance,  cousistlng  of  hydrogen,  alutig  with  other  mole- 
cules of  nitric  acid  to  secure  the  oxide  and  water  ; 

Cu  +  2nN0,  — »  Cu{NO,),{+  2H) 
(3H)-f  2HXO,-*  2H,0  +  gSO, 


Cu  +  4HN0,  -.  Cu{XOj)j+2H,0  +  2NO, 

Aa  the  gubdivision  is  purely  arithmetical  (p.  220),  this  procedure  does  not  iuvoh'e 
the  assumption  that  copper  does  actually  displace  hydrogen  as  a  free  element. 
Yet  it  would  nut  neceeaarily  be  incorrect  to  make  even  this  iuppoaltiou.  Although 
unable  to  liberate  hydrogen  in  quantity  from  a  dilute  acid,  copper  may  be  held, 
if  we  choose,  to  displace  a  minute  amount  of  it  : 

Cu  +  2HN0,  t?  Cu(NO^,  +  H„    or  Cu  +  2H'  *=s  Cu  -  +  H„ 

and  to  be  restrained  by  the  much  more  vigorous  reverse  action  (p.  302)  from  con- 
tinuing this  operation.  In  this  point  of  view  the  oxidation  of  tlie  trace  of  free 
hydrogen  by  the  excess  of  nitric  acid  coutinuoualy  annihilates  the  possibility  of 
reverse  action. 


Complexities  af  Oxiddtion  by  IfitHe  Add.  —  The  above  are 
types  of  the  interactiona  of  metals  with  nitric  acid.  In  actual  experi- 
ments the  behavior  is  usually  more  complex.  Tims,  aa  a  rule,  the 
action  is  very  alow  at  first,  and  gathers  speed  with  the  accumulation  of 
the  reduction  products,  which  act  catalytically. 

Again,  different  concentrations  of  nitric  acid  give  different  prod- 
ucts with  the  same  metal.  The  most  conspicuous  effect  of  this  kind 
ia  the  jiroduction  of  nitric  osiile  with  diluted  acid,  and  the  invariable 
formation  of  nitrogen  tetroxide  with  eonoentrated  acid.  This  ia  ex- 
plained by  the  fact  that  nitrogen  tetroxide  cannot  X'^^  unchanged 
through  a  liquid  containing  much  water,  for  it  gives  nitric  acid  and 
nitric  oxide  with  the  latter  (p.  439).  Conversely,  where  the  nitric 
acid  is  concentrated,  nitric  oxide,  even  if  formed  by  the  interaction 
with  the  metal,  must  be  oxidized  to  nitrogen  tetroxide  as  it  passes  up 
through  the  liquid  (j),  443), 
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Finally,  intermediate  eou centra tions  give  mixtures  of  these  two 
oxides,  and,  with  zinc,  even  nitrous  oxide  (N,0)  and  aitrogen  may  be 
found  in  considerable  quantities  in  the  gasea  evolved. 

tlfoH-Metala.  —  With  non-metals  the  actions  are  different  in  so 
far  that  these  elements  do  not  give  nitrates.  Thus,  sulphur  boiled 
in  nitric  acid  gives  sulphuric  acid,  along  with  nitric  oxide,  equation  (3), 
or  with  nitrogen  tetroxide,  equation  (6),  or  with  both,  according  to  the 
ooncentratiOQ  of  the  acid : 


2HN0,  -^  2N0  +  HjO  (+  30) 
(30)  +  H,0  -f  S  -►  Il,SO, 


2HN0,  +  S  - 

2HlfO,  - 
(30)  +  H,0  +  S  ■ 


2N0  +  H,SO« 
2N0,  +  H,0  +  0 


X3 


6HX0,  +  S  —  6N0,  -(-  2H,0  +  H,SO, 


(1) 
(2) 

(3) 

(4) 

(6) 
(6) 


?!li«  leader  will  note  {ef.  p.  272)  that  a  separate  equation,  (3)  and  (6), 
iini«t  be  made  for  the  formation  of  each  rediiction  product.  If  NO 
and  NOj  are  both  formed,  they  cannot  arise  from  the  same  molecule  of 
nitric  acid.  They  result  from  two  actions  which  are  independent, 
although  proceeding  simultaneously  in  the  same  vessel  {ef.  p.  231). 
Thus  the  equation  : 

2HN0,  +  C  -*  H,0  -h  CO,  +  NO  +  N0„ 

is  a  misrepresentation.  It  implies  that  equimolar  quantities  of  the 
two  oxides  of  nitrogen  are  formed.  But  this  could  only  occur  bj' 
chance,  and  the  balance  would  be  destroyed  the  next  moment  by  the 
lowering  in  the  concentration  of  the  acid,  giving  the  advantage  to  the 
nitric  oxide. 

CompoMMef*.— Compounds  like  hydrogen  sulphide,  hydrogen 
iodide,  and  sulphurous  acid,  which  are  easily  oxidized,  interact  with 
nitric  acid.  With  diluted  nitric  acid  the  products  are  free  sulphur, 
iodine,  and  sulphuric  acid  respectively. 

The  mixture  of  nitric  acid  and  hydrocMoric  acid  is  known  as 
aqua  regia.  The  chlorine  set  free  by  the  oxidation  of  the  hydro- 
cUoric  acid  is  more  active  than  is  the  ordinary  solution  of  chlorine  in 
water,  perhaps  in  consequence  of  catalytic  action  of  the  substances  in 
this  solution,  and  combines  with  gold  and  platinum  (y.v,),  converting 
them  into  chlorides,    Nitiosyl  chloride  (NOCl),  which,  however,  doea 
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not  interact  directly  with  tlie  noble  metals,  is  formed  at  the  same 
time : 

0 


Cl-jH+H-0~iK:=0+2H;  C1-*2H,0  +  CI,  +  Cl-N=0. 

The  interaction  with  platinum  is,  therefore  : 

8HC1  +  2HN0,  +  Pt  -+  H,PtCU  +  2N0C1  +  4  H,0. 

|£lhlorine,  in  this  active  state  of  the  element,  may  be  spoken  of  as 
ent  chlorine  {of.  p.  423). 

Nitrous  Aoid,  Httonitbotjs  Acid,  and  their  Anhydrides. 

Nitrites.  —  When  the  nitrates  of  potassium  and  sodium  are  heated, 
they  lose  one  unit  of  oxygen,  and  the  nitrites  remain  ; 


^^PConuno 


2NaN0,-»  2NaN0,  +  0,. 


d 


only  lead  is  stirred  with  the  melted  nitrate  and  assists  in  the 
removal  of  the  oxygen.  The  litharge  (PhO)  which  is  formed  remains 
as  a  residue  when  the  sodium  nitrite  is  dissolved  for  re  crystallization. 

Nitrous  Acid.  —  When  an  acid  is  added  to  a  dilute  solution  of 
a  nitrite,  a  pale-blue  solution  containing  nitrous  acid  is  obtained.  The 
acid  is  very  unstable,  however,  and,  when  the  solution  is  warmed, 
it  decomposes : 

3HN0^-»  HNO,  +  2N0  -f  H,0. 

When  a  concentrated  solution  of  amliuni  nitrite  is  acidiiied,  the 
nitrous  acid  decomposes  at  once,  and  a  brown  gas  containing  the 
anhydride  escapes  : 

S[  2H  *  +  2N0,'  ^  2HN0,  t^  H,0  +  N,0,  \ . 

Ti 
in< 
hai 


TMb  behavior  distinguishes  a  nitrite  from  a  nitrate. 

Bedncing  agents  deprive  nitrous  acid  of  part  or  all  of  its  oxygen  : 

SHI  -f  2HN0,  -♦  2H,0  +  2N0  +  I^ 

indigo  is  also  converted  by  it  into  isatine  {cf.  p.  269).  On  the  other 
hand,  oxidizing  agents  which  are  sufficiently  active,  like  acidified 
potassium  permanganate,  convert  nitrous  acid  into  nitric  acid : 
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: 


{50)  +  5HNO,- 


►  K5SO,  +  2MnS0.  +  3FL0  ( +  50)       (1) 
5HN0,  ■  (2) 


3H^SO,+2KMnO,+5HNO,  -►  K^SO.  +  'JM  nSO^-f  3a,0  +  5HN0. 
liitroos  acid  is  much  used  in  the  making  of  organic  dyes. 


KUrouM  Anhffdridf,  —  A  study  of  the  gas  arising  from  the  decom- 
position of  nitrous  atntl  shows  that  in  the  gaseous  state  the  anbydiide 
is  almost  entirely  dissociated : 

N A  Fi  NO  +  KO^ 


When  the  mixture  is  led  through  a  U-tube  immersed  in  a  freezing 
mixture  at  —  21°,  a  deep-blue  liquid  is  obtained  which  appears  to  be 
the  anhydride  itself.  This  begins  to  dissociate  Ijefore  reaching  its 
boiling-point,  and  at  +  2"  gives  off  nitric  oxide. 

The  same  equiniolar  mixture  of  the  two  gases  is  obtained  by  the 
action  of  water  on  nitrosylsulpburic  acid  (p.  383). 

HyponUroug  Acid.  —  This  acid  is  formed  by  the  interaction  of 
hydroxy lamine  and  nitrous  acid  in  aqueous  solution : 


^ 

'^ 


H-0-N;H,-t-0:N-0.-H-.H,0 -t- H-0-K=K-0~H. 

With  nitrate  of  silver,  the  yeUow,  insoluble  silrer  hyponitrite  Ag^,0, 
is  precipitated.  When  this  salt  is  shaken  with  an  ethereal  solution  of 
hydrogen  chloride,  the  acid  is  Ubei*ated,  and  the  insoluble  silver 
chloride  may  be  aeparatetl  by  filtration.  Finally,  evaporation  of  the 
ethereal  solution  leaves  hyponitrous  anid  as  a  white  mass.  It  explodes 
when  heated,  and  its  solution  in  water  is  an  exceedingly  feeble  acid. 
The  warm  aqueous  solution  decomposes  slowly,  giving  nitrous  oxide : 

H^,0,  -,  H,0  -F  N,0, 

and  this  change  is  not  capable  of  reversal. 

Ifitrowi  OxMe.  —  Nitrous  oxide  ia  prepared  by  heating  ammonium 
nitrate,  or  a  mixture  of  a  salt  of  ammonium  and  a  nitrate : 

NH.NO,  -♦  2H,0  +  N,0. 

The  steam  condenses,  and  the  nitrous  oxide  may  be  collected  over 
warm  water,  or  dried  and  compressed  into  steel  cylinders. 

Its  solultility  in  cold  water  is  considerable :  130  volumes  in  100  at 
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C.  At  26°  this  falls  to  60  volumes  in  100,  In  dissolving,  the  gas 
forms  110  compound  with  water.  The  substance  melts  at  —  102.3°, 
and  boils  at  —  89.8°.  The  vapor  tension  of  the  liquid  at  0'  ia  30.75 
atmospheres ;  at  12",  41.2  atmospheres  ;  and  at  20°,  49.4  atmospheres. 
Tlie  critical  temperature  ia  38.8°. 

A  glowing  splinter  of  wood  bursta  into  flame  when  introduced  into 
nitrous  oxide,  and  phosphorus,  sulphur,  and  other  combustibles,  burn 
iu  it  with  much  the  same  vigor  as  in  oxygen.  In  all  case.^  oxidea  aro 
formed,  and  nitrogen  ia  set  free.  The  rapidity  with  which  bodies 
combine  with  oxygen  obtained  from  lutroiis  osiile  is  doubtless  due  to 
the  fact  that  it  is  an  endothermal  eompouiid,  and  the  heat  lil>eKited  by 
its  decomposition  assists  the  ensuing  combustion: 

2N,0  ->  2N,  +  O,  -f  2  X  18,000  cal. 

It  is  to  be  noted  that  the  effect  of  the  heat  of  decomposition  will  be 
partly  offset  by  the  dilution  of  the  oxygen  with  nitrogen.  Yet  the 
pTOportion  of  niti-ogeu  to  oxygen  is  only  half  as  great  as  in  air,  so 
that  on  the  whole  the  conditions  are  muQh  more  favorable  to  combus- 
tion in  this  gas. 

Nitrous  oxide,  when  cold,  does  not  behave  like  free  oxygen.  Nitric 
oxide,  when  mixed  with  it,  gives  none  of  the  red  nitrogen  tetroxide. 
Metala  do  not  rust  in  it,  and  the  htemoglobiu  of  the  blood  is  luiable 
to  use  it  as  a  source  of  oxygen.  It  was  Davy  who  first  observed  that 
nitrous  oxide  could  be  taken  into  the  lungs,  and  that,  since  it  furnished 
no  oxygen,  insensibility  followed  its  use.  By  suitable  admixture  of  an 
amount  of  air  sufficient  to  sustain  life,  it  is  employed  as  an  ana^athetie 
for  minor  operations.  The  hysterical  symptoms  which  were  observed 
to  accompany  its  admini-stiation,  and  caused  it  to  receive  the  name  of 
"laughing  gas,"  are  such  as  attend  the  use  of  all  ans^thetics. 

firaph  ic  Form  ii  Iw  of  Nitric  Acid  and  its  Deri  vativett :  Explo- 
miven.  —  The  following  equation  shows  the  graphic  formulas  of  nitric 
acid  and  of  ammonium  nitrate : 

J}>n-oh  +  h-o-nJ*^^J5>n-o-n;*^  +H,a 

The  structural  formula  of  the  latter  is  intended  to  explain  the  fact 
that  the  salt  is  ablb  to  exist  at  all,  by  representing  the  oxygen  and 
hydrogen  as  being  separated  from  one  another  and  attached  to  differ- 
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eat  nitrogen  units.  "When  the  equilibrium  of  the  system  is  distuihed 
by  heating,  the  oxygen  and  hydrogen  unite  to  form  water,  an  arrange- 
ment which  13  much  more  stable,  and  nitrous  oxide  (see  above)  escapes 
with  the  steam. 

The  decGui  position  of  nitroglycerine  and  gim-€otton  (p.  441),  as 
well  as  of  ammonium  nitrite  (p.  416),  is  explained  in  the  same  way. 
These  substances  are  made  by  actions  which,  like  the  above  neutraliza- 
tion, take  place  in  tbe  cold,  and  the  groups,  containing  tlie  oxygen  on 
the  one  hand  and  carbon  and  hydi'Ogen  on  the  other,  become  quietly 
united  without  uioro  serious  interaction.  Thus  the  formation  of  nitro- 
glycerine (p.  441)  appears  as  follows  ; 


H 
I 
H  -  C  -  OH      HO  -  NO, 

I 
H  -  C  -  OH  -f  HO  -  NO, 

I 
H  -  C  -  OH      HO  -  NO, 

I 
H 


H 

I 
H  -  C  -  O  -  NO, 

I 
_,     H  -  C  -  0  -  NO,  +  3H,0 

t 
H  -  C  -  O  -  NO, 

I 
H 


When  the  nitroglycerine  is  heated,  or  receives  a  mechanical  shock, 
the  oxygen  all  unites  with  the  carbon  and  hydrogen,  and  the  nitrogen 
escapes : 

4C,Hj(0N0,),  -.  12CO,  +  lOH.O  +  6N,  +  O,. 

That  nitroglycerine  is  a  more  sensitive  explosive  than  gunpowder 
la  dvie  to  the  fact  that,  in  the  former,  the  materials  required  for  the 
chemical  change  are  alresidy  within  the  same  molecule,  whereas  in 
the  latter  (y.r.)  they  are  contained  in  the  separate  molecules  of  a  mix- 
ture. Even  after  the  most  careful  incorporation,  the  oxygen  of  the 
potassium  nitrate  can  hardly  be  uniformly  so  near  to  the  carbon 
meohanically  mixed  with  the  salt,  as  are  these  elements  in  nitro- 
glycerine or  gun-cotton.  In  the  latter  the  oxidation  of  the  hydrogen 
and  carbon  ia  intramolecular. 

Substances  like  hydrazoic  acid  (p.  422)  and  nitrogen  iodide  (p.  425) 
might  seem  to  constitute  a  third  kind  -of  explosive.  Here  the  change 
consists  in  the  resolution  of  the  compound  into  its  constituents.  Still,  if 
we  consider  the  case  of  hydrazoic  acid,  for  example ;  2N,H  -^  3N,  +  H,, 
we  see  that  the  action  consists,  after  all,  in  the  union  of  the  con- 
stituents to  form  the  more  stable  combinations  Nj  and  Hj.  It  is, 
tlierefore,  similar  in  principle  to  the  explosion  of  nitroglycerine. 
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The  Principle  of  Transformation  hy  Steps,  —  It   may  have 

occurred  to  the  reader  as  strange  that  it  should  be  possible  to  make 
nitric  anhydride  by  distilling  a  ■vparm  mixture  (p,  440)  when  the  product 
decomposes  spontaneously,  even  when  kept  in  the  cold.  How  can  a 
compound  be  fitted  together  under  certain  conditions,  when  under  the 
same  or, even, under  more  favorable  conditions  it  proves  tote  incapable 
of  continued  existence  ?  Wa  should  expect  rather  that  obtaining  the 
products  of  its  decomposition  would  have  been  the  oidy  result  of  the 
effort  to  make  it. 

Extraordinary  as  this  fact  appears  to  be,  it  is  nevertheless  very 
commonly  encountered.  Perchloric  acid  is  made  by  a  distillation 
(p.  276)  and  afterwards  breaks  up  of  its  own  accord.  So,  also,  hypo- 
chlorites are  formed  first  and  can  be  isolated.  But  under  the  same  con- 
ditions the  further  ti'ansformation  to  chlorates  will  occur  (p.  272).  A 
simple  case  is  that  of  sulphur  made  by  precipitation  (p.  376)  at  the  ordi- 
nary temperature.  Although  it  is  naturally  solid  below  119'',  yet, 
when  first  thrown  down,  it  is  in  the  form  of  liquid  di'oplets  which,  if 
undisturbed,  may  remain  fluid  for  weeks.  Similarly,  sulphur  vapor 
condenses  on  glass  in  drops  which  remain  liquid  until  they  are  touched 
or  rubbed.  Finally,  a  supersaturated  solution  (p.  1S9)  is  not  unlike 
cold  liquid  sulphur. 

In  aU  these  cases  there  is  a  possibility  of  further  change,  which, 
when  it  comes,  will  literate  heat  or  some  other  form  of  energy.  Thus, 
heat  is  set  free  when  the  liquid  sulphur  is  precipitated.  The  amount 
of  heat  would  have  been  greater,  by  the  heat  of  fusion  of  the  sulphur, 
if  solidification  had  occurred  simultaneously.  But,  in  spit*  of  the 
existence  of  this  justification  for  the  final  step,  this  step  is  not  taken. 
So,  the  decomposition  of  the  vapor  of  the  perchloric  acid  or  of  the 
nitric  anhydride  would  have  added  to  the  amount  of  energy  liberated 
as  beat,  but  this  additional  step  was  postponed.  In  other  woitIs, 
tranaformations  which  proceed  spoataneously  and  with  evolution  of 
heat  may  go  forward  by  stepa,  when  there  are  Intermediate  tubstances 
capable  of  eziatence.  This  is  known  as  the  principle  of  traneformatloa 
by  Btepa,  and  was  first  deserited  %  Ostwald, 


Exerciaea,  —  1.  Make  the  equation  for  the  interaction  of  ferrous 
chloride,  hydrochloric  acid,  and  nitric  acid  (p.  442),  and  for  all  the  ac- 
tions concerned  when  the  test  for  a  niti'ate  (p.  443)  is  applied  to  sodium 
nitrate.  What  volume  (at  0°  and  7G0  mm.)  of  NO  is  obtained  from 
one  formula-weight  of  nitric  acid  (p.  216,  Ex.  8)? 


■ 


INORGANIC  CHEMISTRY 

Should  you  classify  as  nsolecular  compoiinda  (p.  443)  :  Chlorine 
hydrate,  aniiiuinium  liydroxide,  Klj  (jj.  235),  sxdphuroua  aeid,  sodiuiu 
pentaaulphide  (p.  376)  ?     Justify  your  answer. 

3,  At  27^,  what  proportions  of  the  molecules  of  nitrogen  tetroxide 
are  in  the  forms  of  N(>„  and  NjO^  respectively  (p.  445)  ?  At  the  same 
temperature  what  fnuition  of  the  material,  by  weight,  is  in  the  former 
condition  ?  WJiat  are  the  relative  volumes  of  the  tetroxide,  and  of  the 
nitric  oxide  and  oxygen  obtained  by  its  decomposition  (p.  445)  ? 

4.  Make  an  equation  sliowiug  the  production  of  nitrous  oxide  by  the 
action  of  zinc  on  nitric  acid. 

6.  Make  the  correct  equations  showing  the  formation  of  nitric  oxide 
and  nitrogen  tetroxide  by  the  interaction  of  carbon  and  nitric  aeid 
(p.  448). 

6.  Justify  the  ^praphic  formula  assigned  to  nitric  acid  (p.  441). 

7.  Using  the  anhydride  method  (p.  274),  make  the  equations  for 
the  interactions  of  NjC>,  and  water  (p.  445)  and  of  nitric  acid  and 
sulphur  (p.  448). 

8.  Make  a  classified  list,  with  examples,  of  all  the  kinds  of 
interactions  which,  in  this  and  preceding  chapters,  have  been  namcii 
oxidations  and  reductions  (e.if.  pp.  70,  72,  110,  170,  172,  231,  237,  269, 
306,  374,  420,  424,  446.     See  also  Chemistry  of  copper  and  tin). 
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Tfte  Chemical  nelatiows  of  the  Element.  —  There  are  many 
cldiiga  in  tlie  chemistry  of  phosphorus  and  its  componnda  which 
I'emind  na  of  nitrogen.  Yet  these  are  largely  referable  to  the  fact  that 
the  elements  are  both  non-metals  and  both  have  the  sa:ne  valences,  viz. 
ttii'ee  and  five.  The  behavior  of  the  compounds  is  often  verj'  different. 
For  the  present  it  is  suffieient  to  Bay  that  both  give  corapoimds  with 
hydrogen,  NH,  and  PH„  and  both  yield  oxides  of  the  forms  X„0„  XjO,, 
and  XjOj.  The  first  ajad  last  of  these  oxides  are  aeiil-forming,  and 
phosphorus,  therefore,  gives  acids  corresponding  to  nitrous  and  nitric 
acids,  although  there  is  more  vai'ioty  in  tlie  proportion  of  water  com- 
bined with  the  anhydride  (<■/.  p.  278).  The  element  is  thus  a  non-metal 
(see  Comparison  with  nitrogen  and  with  sulphur,  end  of  this  chapter). 


Occurrence,  —  This  element  is  found  widely  disseminated  in  na^ 
tixre,  usually  in  the  form  of  phosphates.  Calcium  phosphate,  for  ex- 
ample, which  is  derived  (p.  278)  from  phosphoric  acid  (H,PO^)  by  dis- 
placement of  its  hydrogen  by  calcium,  and  has,  therefore,  the  formula 
Caj(PO<)j,  is  found  in  most  soils.  It  constitutes  a  large  part  of  the 
solid  material  of  the  bones  and  teeth  of  animals  and  of  the  beds  of 
fossil  bones  found  in  Florida  and  Tunis.  A  conspicuous  mineral 
related  to  this  substance  is  apatite,  Ca5F(P0|)j.  It  is  found  in  large 
quantities  in  Canada,  and  is  a  component  of  many  rocks.  Complex 
organic  compoimda  containing  phosphorus  are  essential  constituents  of 
protoplasm  and  of  the  materials  of  the  nerves  and  the  brain. 


Pr«prij-«f»oM.  — Brand,  merchant  and  alchemist,  of  Hamburg, 
discovered  phosphorus  (1669)  by  distilling  the  residue  from  evapo- 
rated urine,  in  the  course  of  his  search  for  the  Philosopher's  stone. 
The  mode  of  preparing  it  from  bone-ash  was  first  pubUshed  by  Scheele  ■ 
(1771).  Green  bones  contain  about  58  per  cent  of  calciinn  phosphate. 
After  tlie  gelatine  has  been  extracted  from  them,  by  means  of  water 
boiling  under  pressure,  they  are  subjected  to  destructive  distillation,  a. 
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process  which  yields  bone-oiL  The  residue  is  a  mixture  of  carbon 
{y.u.)  and  cak'ium  jihosjihate.  It  is  used  by  sugar  refiners  as  a  decol- 
orizer.  When  its  powers  io  this  direction  have  beeu  exhausted,  it  is 
calcined  —  that  is  to  say,  all  the  combustible  matter  is  burned  out  of  it, 
—  and  the  protluct  is  bone-ash.  Formerly  this  was  used  in  making 
phosphorus,  but  now  the  less  expensive  caloium  phosphate  of  fossil 
origin  is  employed. 

A  mixture  of  powdered  bone-ash  or  calcium  phosphate  and  sulphu- 
ric acid  (sp.  gr.  1,6  to  1.6)  is  heated  with  steam  and  stirred  in  a 
wooden  vat : 

Ca,(PO^),  +  3H,S0,  -» 2H,P0.  +  3CaS0,. 

The  caleiuni  sulphate  is  partly  precipitated  during  the  heating.  The 
liquid  obtained  by  filtration  is  evaporated  in  leaden  [Kms,  During  this 
process  most  of  the  remainder  of  the  calcium  sulphate  is  deposited  and 
a  syrupy,  crude  phosphoric  acid  is  obtained.  Tliis  acid  is  uiixed  with 
sawdust,  or  carljon  iu  some  form,  and  the  mixture  is  first  heated  to  a 
moderate  tetnjierature  and  then  distilled  in  earthenware  retorts.  Two 
actions  take  place  in  succession.  The  phosphoric  acid  loses  water  and 
turns  into  metaphosphoric  acid,  then  the  latter  is  reduced  by  the  car- 
bon, carbon  monoxide  and  phosphorus  vapor  passing  off  : 

H.PO,  -f  IL,0  -V  HPO„ 

2HP0,  -h  60  -*  H,  +  6C0  +  2P. 

A  wliite  heat  is  required  for  the  distillation,  and  a  pijie  from  the  tubu- 
lar clay  retort  conducts  the  vapors  into  cold  water,  in  which  the  phos- 
phorus collects. 

A  much  simpler  process  depends  on  the  iwe  of  the  electric  furnace 
(Fig.  90).  The  calcium  phosphate  Is  mixed  with  the  proper  propor- 
tions of  carbon  and  silicon  dioxide  (sand),  and  the  mixture  is  intro- 
duced continuously  into  the  furnace.  The  discharge  of  an  alternating 
current  between  carljou  poles  produces  the  very  high  temperature 
which  the  action  requires.  The  calcium  silicate  which  is  formed  fuses 
to  a  slag,  and  cfin  be  withdi'awn  at  intervals.  The  gaseous  products 
pass  ofE  through  a  pipe  and  the  phosphorus  is  caught  under  water ; 


Ca,(PO,),  -f  3SiO,  +  5C  -♦  SCaSiO,  -\-  5C0  -h  2P. 


I  We  may  regard  the  phosphate  as  being  composed  of  two  oxides,  SCaO 

I  Ps^f    I^  ^li^^  appears  that  the  calcium   oxide  has  united  with  the 
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silica,  which  ia  an  acid  anhydride  (c/.  p,  381)  :  CaO  +  SiO,— ♦CaSiO^ 
while  the  phosphoric  anhydride  has  been  reduced. 

The  phosphorus,  after  purification,  is  cast  into  sticks  in  tubes  of 
tin  or  glass,  standing  in  cold  wat«ir. 

The  Electric  Furnace.  —  By  an  electric  furnace  is  underatctod  an 
eleotro'ttaermal  arraugemeut  in  which  the  heat  produced  by  some 
resistajice  offered  to  the  current, 
such  as  that  of  an  air-gap  between 
the  carbons,  is  used  to  produce  chem- 
ical change.  Electrolysis  plajs  no 
part,  in  the  phenomena,  and  an 
alternating  current,  which  can  pro- 
duce no  electrolytic  decomposition^ 
is  generally  employed.  The  re- 
stricted area  within  which  the  heat 
is  developed  makes  possible  the 
attainment  of  a  high  temperature 
(see  Calcium  carbide). 

Ph  y»ieal  Properties, — Tliere 
are  two  perfectly  distinct  kinds  of 
pbosphonis,  knon-n  as  ordiuaiy,  or 
yellow  phosplioms,  and  red  phos- 
phorus. Yellow  pbosphoruB,  pre- 
pared as  described  above,  is  at  tirst 
transparent  and  colorless,  but  after  exposure  to  hght  acquires  a 
superficial  coating  of  the  rerl  variety.  It  melts  at  44°  and  boils  at 
269°  (according  to  some  authorities,  at  287^).  Its  molecular  weight  is, 
at  313°,  128,  and  at  a  red  heiit  119.8.  As  the  atomic  weight  is  31,  the 
formula,  within  this  range,  is  P,.  At  1700°  the  value  91,2  is  held  to 
indicate  partial  dissociation  into  P^.  In  solution  the  formula  is  P^, 
Yellow  phosphorus  is  very  soluble  in  carbon  dtsulpliide,  less  soluble  in 
ether  and  other  organic  solvents,  and  hisoluble  in  water.  It  is  ex- 
ceedingly poisonous,  less  than  0.15  g.  being  a  fatiil  dose.  Continued 
exposure  to  its  vapor  causes  necrosis,  a  disease  from  which  match- 
makers are  liable  to  suffer.  The  jawlwnes  and  teeth  are  particularly 
liable  to  attack. 

Kea  pboapboruB  is  a  dull  red  powder  consisting  of  small  tabular 
crystals.  It  is  obtained  by  heating  j-ellow  phosphorus  to  about  250" 
in  a  vessel  from  which  air  is  excluded.     The  change  is  much  more 
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rapid  at  slightly  liigher  temperatures.  Since  a  great  amoimt  of  heat  is 
evolved  in  the  transformation,  tlie  action  is  apt  to  become  violent  and 
to  eause  volatilization  of  a  lai'ge  part  of  the  phosphorus.  In  presence 
of  a  trace  of  iodine  the  transformation  is  greatly  accelerate^l,  and  takes 
plaee  even  in  the  cold. 

Red  i)hosphorua  does  not  melt,  but  passes  directly  into  vapor.  Its 
vapor  is  identical  with  that  of  yellow  phosphorus.  It  is  insoluble  in 
carbon  bisulphide  and  other  solvents.  It  is  not  poisonous,  and, 
unlike  yellovir  phosphorus,  does  not  require  to  be  kept  under  water  to 
avoid  spontaneous  combustion , 
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Cl^etnieal  Properties.  —  Yellow  phosphorus  unites  directly  with 

le  halogens  with  great  vigor.  It  unites  slowly  with  oxygen  in  the 
(iold,  and  with  sulphur  and  many  metals  when  the  materials  are  heated 
together. 

The  .slow  union  of  phosphoni.s  with  atmospheric  oxygen  is  accom- 
panied by  the  evolution  of  light,  although  the  teuiperatui'e  is  not  such 
as  we  usually  associate  with  inoandesceuce.  The  name  of  the  element 
(Gk.  4>^,  light ;  ^ep«ti,  to  bear)  records  this  proijerty.  Apparently  the 
chemical  energj',  transformed  in  connection  with  the  oxidation,  is 
converted,  in  part  at  least,  into  radiant  energy  instead  of  completely 
into  heat.*  A  curious  fact  in  connection  with  the  luminosity  and 
concomitant  oxidation  of  phoaphorua  is  tliat  these  oocuiTenceB  depend 
upon  the  concentration  of  the  oxygen  gas  as  well  as  upon  the  tempera^ 
ture.  Thus,  phosphorus  does  not  shuie  or  oxidize  in  pure  oxygen 
below  27°.  If  the  concentration  of  the  oxygen  is  reduced  to  200  mm. 
or  less  by  means  of  a  pump,  or  by  mixing  with  an  indifferent  gas  such 
as  nitrogen,  phosphorescence  becomes  perceptible  at  the  ordinary 
temjierature.  This  explains  the  luminosity  shown  in  the  air.  At 
lower  teiniMjraturea,  lower  pressures  have  to  be  used.  The  phosphores- 
cence may  be  destroyed  by  the  vapor  of  tuqientine  and  other  sub- 
stances, which  perhaps  act  as  catalytic  agents  and  restrain  tin 
oxidation. 

■  The  same  production  of  light  from  cliemical  action  In  a  cold  body  is  meu  in 
tbe  luminosity  of  certain  parts  of  soma  animaU,  aucli  as  tirefliea  luid  some  epecies 
of  fisli.  Ill  ninny  vioteut  chemical  changes  tlie  light  given  out  is  cunspicuuuEiy 
greater  than  that  proper  to  the  temperature  produced  (e/  p.  7.^),  and  must  come, 
therefore,  iu  part,  directly  from  tha  chemical  energy.  Tliua,  burning  magnesium 
ba«  a  temperiuure  ol  about  1360°,  while  the  production  of  light  of  the  same  char- 
acter, by  pere  lucoadesoence,  would  require  a  temperature  of  about  6000°. 
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The  difference  in  behavior  of  pare  and  diluted  oxygen  may  be  shown  by  pour- 
ing a  fiolulioD  of  pbosphoni!)  in  carbon  di^ulphide  on  to  two  strips  nf  filler  paper. 
One  of  tbe  strips,  bung  in  the  air,  civtcbeH  tiro  a»  8oon  as  ihe  evaporation  of  the 
solvent  bas  exposed  a  iarge  area  of  tinely  dividtxl  phospburUH.  Tbe  otlier.  hung 
in  a  jar  of  oxygen,  remains  unaSected,  but  becomes  ignited  inetautly  npon  remoTal 
from  the  jar. 

The  slow  oxidation  of  phosphorus  is  accompanied  by  the  produc- 
tion of  ozone,  but  the  nature  of  the  action  is  still  unknown. 

Chemical  Properties  of  Red  PhoHphorux.—This  variety  of  the 
element,  since  it  is  formed  with  evolution  of  heat,  contains  less  energy 
'than  yellow  phosphorus  and  is  much  \ess  autive.  It  does  not  catch 
fire  in  the  air  below  240°,  while  ordinary  jdioMphorus  ignites  at  35-45°. 
Indeed,  it  i.'s  the  vapor  that  be^ns  to  combine  with  oxygen,  and 
this  behavior  is  only  an  independent  proof  of  the  low  vapor  tension  of 
the  red  variety.  When  the  vajior  tension  of  yellow  phosphorus  has 
reached  7tiO  mm.  (at  209°,  the  b.-p.),  that  of  red  phosphorus  ia 
almost  imperceptible.  Even  when  the  former  has  become  two  atmos- 
pheres, the  latter  is  still  very  small. 

Bed  phosphorus  ia  to  'be  regarded  as  the  normal,  stable  form  of 
phosphorus.  The  fact  that  yellow  phosphorus  can  be  kept  a  great 
lengtli  of  time,  and  is  changed  but  slightly  on  exposui-e  to  light,  oidy 
shows  that  the  transformation  into  a  stabler  condition  is  retarded  by 
the  lowness  of  the  temperature  (c/.  p.  72).  The  relation  U^tween  the 
tivo  varieties  of  phosphorus  is  quite  distinct  fi'om  that  between  rhom- 
bic and  monoclinic  sulphur  (p.  368).  In  the  latter  case  tliere  is  a 
definite  temperature  of  transforiuation  (96°)  abi3ve  which  one  form 
completely  disappears,  and  below  which  the  otlier  form  is  incapable  of 
permanent  existence.  With  the  varieties  of  phosphorus  no  such  point 
of  transformation  exists.  The  veil  phosphorus  ia  the  more  stxible  at 
all  temperatures  at  which  hith  forms  are  known.  The  yellow  turns 
into  red,  but  the  red  never  into  the  yellow.  It  is  only  by  condensing 
the  vapor  that  the  yellow  kind  is  obtained.  It  seems  proliable  that 
red  phosphorus  is  a  polymer  (p.  242)  of  yellow  phosphonia  (H^), 
The  production  from  the  vapor  (also  P^)  of  the  yellow  solid,  instead 
of  the  red  sobd  whose  formation  would  be  accompanied  by  a  larger 
liberation  of  heat,  is  simply  an  illustration  of  the  principle  of  transfor- 
mation by  steps  (p.  453), 

When  two  or  wore  (ormB  of  an  element,  or  even  of  a  compound  (see  Isomers), 
occur,  they  are  commonly  spolieii  of  a<>  allotropic  modifications.  The  term  is 
Applied  to  oxygen  and  ozone  (9.t),)  which  are  certainly,  and  lu  red  and  yellow 
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ivUdinMmlMli^.efcemieaDTdiHiBetiAMMMB,    BteoKdsbpor 

rf  moMicUaSe  ralpbor,  where  tlw  Aflerenee  is  pardy  pbyaieaL  In  ahnt, 
I  M  {ireiieiii  no  tcientific  valoe,  for  it  covets  a  beterogeneoo*  mam  of  ph«- 
B*  wbich,  in  part,  Mill  aw^t  elocidatinn-  If  ano&opic  modillcw 
I  ta  ba  defiBed  m  anbatancea  fp.  ■33)  contpoaed  of  the  same  ma 
bvt  pwwrtin  difieraat  jsoportioiia  of  free  or  avaiUbta  aa^gj, 
tbeicfoie,  difrerent  pbjneal  propenie*  sad  differesl  degnet  of  efaeaiieai  activity, 
ivliidi  M  appertPiiy  tite  (enae  rn  whicli  the  ezpreaafaw  m  eaaanDolj  employed,  Uten 
tee,  water,  and  Meam  woold  be  esamplea  of  ndt  intiilaiiirTt  In  each  of  the 
»b«»e  foDj  niQCtnuiona,  tlte  aecond  (in  tbe  awe  of  WAter,  tbe  Ihird}  is  the  more 
a«ttTe  (on». 

('«««  «/  Pho»phorum.  —  Tbe  greater  part  of  the  phosphoms  of 
Tommercc  is  emplaned  in  the  manttfacture  of  matcbes.  The  firet  aiti- 
zle»  of  thia  sort  (1812)  were  sticks  coated  with  sulphur  and  tipped 
with  a  mixture  of  potassiaia  chlorate  and  sugar.  For  ignition  they 
were  dipped  into  a  bottle  (containing  asbestos  moistened  with  concen- 
trated aolphnrie  acid.  Matches  involving  the  use  of  phosphorus  (1827) 
have  now  displaced  all  others.  In  making  common  matches  which 
itrike  on  any  rongh  surface,  the  sticks  are  first  dipped  in  melted 
nilphur  or  paraffin  to  tbe  extent  of  about  half  an  inch.  The  head  is 
jflen  composed  of  Btaoganese  dioxide  or  red  lead,  and  a  little  potas- 
nmn  eblorate,  which  mipplj  oxygen,  a  small  proportion  of  free  phoe- 
plumis  and  antimony  trisulphide,  which  are  both  (combustible,  and 
dextrine  or  glne.  A  paste  made  of  these  materiala  is  spread  evenly 
upon  a  slab,  and  the  prepared  sticks  fixed  in  a  frame  are  dipped  once 
or  twice  in  the  mixture. 

In  the  case  of  "  safety  "  matches,  the  mixture  upon  the  head  is  not 
Mstty  i(^tted  by  itself.  It  is  composed  of  potassium  chlorate  or  di- 
chrotrmte,  some  sulphur  or  antimony  trisulphide,  and  a  little  powdered 
glait!)  to  increase  the  friction,  all  held  together  with  glue.  Upon  the 
rulit(in({  Hurfac^  on  the  box  is  a  thin  layer  of  antimony  trisulphide 
niix«<d  with  red  phwphorua  and  glue.  The  friction  converts  a  little 
of  till!  red  jihoHpliorus  into  vapor.  To  prevent  smoldering  of  the 
burned  iiuitchHS,  the  upi>er  ends  of  the  sticks  are  sometimes  soaked 
in  a  solution  of  alum  or  sodium  phoepbate. 

A  Hiiiiill  amount  of  yellow  phosphorus  is  employed  in  making  rat 
poison,  which  is  a  mixture  of  phosphorus,  laid  (as  solvent),  and  flour, 
made  into  dough. 

I'hoHpMne.  —  Three  hydrides  of  phosphorus  are  known.  These 
are,  phospliinc  1*11,  (a  gas),  a  liquid  hydride  P^H^,  which  is  presumably 
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the  analogue  of  hydrazine  (NjH^),  and  a  solid  hydride  P,Hj,  Phoiphlne 
does  not  seem  to  be  produced  under  ordinary  circumstances  by  the 
direct  union  of  the  elements.  It  is  formed  slowly,  however,  by  the 
action  of  nascent  hydrogen,  from  zinc  and  hydrochloric  acid  at  70',  upon 
yellow  phosphorus.  The  gas  may  be  maile  by  boiling  yellow  phos- 
phorus with  potassium  hydroxide  solution  in  an  apparatus  siniilar  to 
that  used  for  generating  hydrogen.  Potassium  hj'pophosphite  is 
formed  at  the  same  time  : 

3K0H  -f-  4P  +  3H,0  -*  3KH,P0j  +  PHr 

The  gas  made  in  this  fashion  contains  a  small  proportion  of  the  yapor 
of  the  liquid  hydride,  which  is  spontaneously  inflammable,  and  conse- 
quently the  mixture  catches  fire  on  emerging  into  the  air  from  the 
delivery  tube.  To  avoid  explosions,  the  air  in  the  flask  must  be  dis- 
placed by  hydrogen  or  illuminating-gas  before  heat  is  applied.  This 
product  contains  also  free  hydrogen,  in  increasing  quantities  aa  the 
action  goes  on,  in  conseqiience  of  the  reduction  of  the  water  and  potaa- 
sium  hydroxide  by  the  potassium  hypophoaphite;  KHjPO,  -f-  KOH  -J- 
H,0  — >  K,HPO,  +  2H,.     Potassium  phosphate  is  formed. 

The  simplest  method  of  preparing  the  gas  is  by  the  action  of  water 
upon  calcium  phosphide : 

Ca,Pj  -I-  6H,0  -*  3Ca(0H),  +  2PHr 

This  action  is  analogous  to  that  of  water  upon  magnesium  nitride 
(p.  417)  by  which  ammonia  is  produced.  In  consecjuence  of  the  fact 
that  calcium  phosphide  is  a  substances  of  ii-regular  composition,  a  mix- 
ture of  all  three  hydrides  is  generally  obtained.  By  passing  the  gas 
through  a  strongly  cooled  dehveiy  tube,  however,  the  liquid  compound 
ia  condensed  and  fairly  pure  phosphine  passes  on. 

Phosphine  is  a  colorless  gas,  which  is  easily  decomposed  by  heat 
into  its  elements.     l\Tien  burned,  it  forms  phosphoric  acid.     It  is  exceed-  ' 
ingly  poisonous  and,  unlike  ammonia,  it  is  insoluble  in  water,  and  pro- 1 
duces  no  basic  compound  corresponding  to  ammonium  hydroxide  when  ' 
brought  in  contact  with  this  substance.     It  resembles  ammonia,  for- 
mally at  least,  in  uniting  with  the  hydrogen  halides  (see  below).     It 
differs  from  ammonia,  however,  inasmuch  as  it  does  not  unite  with  tlie 
oxygen  acids.     Phosphine  acts  upon  solutions  of.some  salts,  precipitat- 
ing phosphides  of  the  metals : 

3CuS0,  +  2PH,  -►  Cu,P,  +  3H,80j. 
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The  Uqald  bydrogeo  pboaphide  lioils  at  57'.  The  molecular  weight, 
9B  deterniiiied  hy  the  density  of  its  vajwr,  shows  the  formula  to  be  P,H^ 
It  forms  no  salts,  and  is  therefore  quite  unlike  hydrazine.  When 
exposed  to  light,  it  decomposes,  giving  phosphine  and  the  solid  hydrides 


a 


Phfixphonium  C'ompounfltt,  —  Hydrogen  iodide  unites  with  phoi 
phine  to  fonu  ii  c-olurless  solid  crystallizing  in  beautiful,  highly  refrairt- 
ing,  square  jiristns  ;  PH,  +  HI  —  FH,I.  Hydrogen  chloride  combiues 
Biinilarly  wth  phosphine,  but  only  when  the  gases  ate  cooled  by  a  freez- 
ing mixture,  or  are  brought  together  under  a  total  pressure  of  18  atmos- 
pheres at  14^,  When  the  pressure  is  released,  rapid  dissociatdon  occurs. 
This  dissociation  is  one  of  the  many  oaara  where  an  action  which 
ftbiorbd  heat,  nevertheless  goes  on  spontaneously  (c/.  p.  27).  The 
indisjjensablo  fall  in  the  energy  of  the  system  takes  place  by  virtue  of 
the  difFuHiun  of  the  constituents,  and  in  amount  this  more  than  ofiCsets 
the  heat  acquired. 

In  imitation  of  the  ammoma  nomenclature,  these  substances 
called  phosjrhonium  iodide  and  phosphonium  cJiloride.  They  ai 
entirely  different,  however,  from  the  corresponding  aiunionium  derivaJ 
tives,  for  the  PH,'  ion  is  unstable.  When  brought  in  contact  with 
water  they  decompose  into  their  cttnstituents,  the  hydrogen  halide 
going  into  solution,  and  the  p)io«)plune  beiug  liberated  as  a  gas. 


i 


ara^H 
arq^H 

ivar'^H 


Jtttlldeg  of  PhoMj/h»rMit. 
been  proved  conclusively : 


The  existence  of  tlie  following  halides 


I'Kj  (gas) 


PCIg  (liriuid) 

¥(\  (solid) 


PBv,  (liquid) 
PHr,  (solid) 


PJ,  (solid) 
PI,    (solid) 


These  substances  may  all  lie  fonued  by  dii'ect  union  of  the  element*. 
They  are  incomparably  more  stable  than  are  the  similar  comjtounds  of 
nitrogen.  Thi>y  are  all  decomposed  by  contact  with  water,  and  give  an 
oxygen  acid  of  phosphorus  and  the  liydroKcu  halide  (sec  VxMow),  This 
action  was  used  in  the  preparation  of  hydrogen  bromide  (p.  231)  and 
hydrogen  iodide  (p.  23S). 

PboaphoruB  trichloride  is  made  by  passing  chlorine  gas  os-er 
melted  pbtwphorus  in  a  Haak  until  the  j)ro|ier  gain  in  weight  hiis 
occurred.  It  is  a  liquid,  lioiling  at  70°.  When  excess  of  chlorine  is 
em[i!oyed,  pbospborui  penta chloride,  which  is  a  white  solid  body,  is 
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fornieil.  When  mdat  air  is  blown  ovei'  any  of  these  substances,  the 
water  is  condensed  to  a,  fog  by  the  hydrogen  halitje.  In  the  case  of  the 
interaction  of  phosphorus  iientaohloride  and  water,  phosjihoric  acid  is 
formed: 

PCI5  +  4H,0  _*  H.PO,  +  5HC1. 

With  a  limited  supply  of  water  the  liytlrolysis  is  not  so  complete, 
and  pliosphoryl  eldoride  *  (phosphorus  oxy chloride),  a  liquid  boiling  at 
107",  is  produced : 

¥C\  +  HOH-^POCl,  +  2HC1. 

This  interaction  of  phosphorus  pentachloride  and  water  is  a,  per- 
fectly general  one,  and  tiikes  place  with  most  compounds  containing 
hydroxy].  Thus,  when  alcohol  (which  differs  from  water  in  having 
ethyl  (CjHj),  instead  of  hydrogen,  c'ondnned  with  hydroxyl)  is  poured 
upon  it,  ethyl  chloride,  phoaphoryl  chloride,  and  hydrogen  chloride  are 
formed : 

CjH.OII  +  PCI.  -*  CjHaCI  +  I'OCU  +  HCl. 

The  same  action  takes  place  with  all  carbon  compounds  containing  hy- 
droxy], and  is  used  as  a  means  of  showing  the  presence  of  this  gi'oup 
in  their  structure.  The  reaction  is  shown  by  inorganic  compounds 
also.  Thus,  anhydrous  sulphuric  at:id  gives  sulphuryl  chloride,  which 
may  lie  separated  from  the  phosphoryl  chloride  by  fractional  distilla- 
tion (see  Petroleum ) : 

S0j(01I)j  -I-  SPUlj  -►  SOjCk  +  2P0C1,  -f-  2Ht:i. 

I'hnspboruB  pentachloride,  when  heated,  reaches  a  vapor  tension 
of  7lii)  mm.  at  140^,  and  while  still  solid.  It  tliercforc  pa-sses  freely 
into  vapor  (boils,  so  to  8i)eak)  at  this  temperatui-e,  and  condenses  di- 
n'ctly  to  the  solid  fonn.  This  sort  of  distillation  is  called  Bublimatloii. 
A  t  a  jiressui'e  alwve  that  of  the  atmosphere  it  melts  at  148°.  This  is 
simply  a  case  in  which  the  vapor  tension  of  the  solid,  increasing  with 
rise  in  tcmjieratuie,  happens  to  pass  the  arbitrary  value  of  the  opposuig 
pressure  (one  atmosphere)  peculiar  to  experiments  carried  on  in  open 
vessels,  before  the  melting-point  is  reached.  The  same  phenomenon  ia 
I        shown  by  sulphur  trioxide  (p.  381). 

^^f         •  This  substance  ia  a  mixed  antiy dride  (p.  307)  of  pboBpboric  acid  tind  bydro- 
P        gen  chloride. 


4St  vsanoAXK  chesostbt 
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(ef.  p.  2oS)  and 
an  piitiallf  dJMoeiated : 

EiMe  tbe  fint  two  meaAw*  of  thii  eqnilibniun  are  ooktkai,wia)e  the 
liwiaB  w  fanwn,  this  actioD  mar  be  used  to  uiiutanatB  tlie  eSeet  upon 
ft  •jTSten,  of  taeraHfng  tba  ooooMiteatioo  of  one  of  Uia  Interaotiiig 
mUbMmaom  (p.  Zi9}.  Tro  tobea  of  equal  Tolome  and  containing 
•qaal  aaM)Qot«  of  tlie  pentaljromide  are  prepared.  A  small  anumnt  of 
the  tribrooide  it  added  to  the  aeoond,  and  bath  are  sealed  up.  When 
the  tabe*  tn  aaw  heated  to  the  aatne  teuiperatare,  the  conteDts  of  the 
•eeond  vill  be  leea  atnmgijr  oolored  hj  bromine  in  ccmaequeaoe  of  tbe 
'  acCtTitjr  io  it  of  the  reveniiig  action. 
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OaeUtef  «/  J'futtphorug.  —  The  oxides  of  pbospboros  are  the  so- 
caOed  trioxide  ^JO^  tbe  pentoxide  Vfi^  and  a  tetroxide  P,0,. 

Tbe  pentasUle  is  a  white  powder  formed  when  pboapbonis  is  burned 
with  a  free  mpply  of  oxygen.  It  unites  with  water  with  great  violence 
to  form  luetaphoiphoric  acid  (see  below),  and  hence  is  known  as 
phofpborlo  aa)i7drld«:  PA  +  H,^ -*  SHPO^  In  the  laboratory 
this  action  is  frequently  utilized  for  drying  gases  (p.  101)  and  for  re- 
moving wat*r  from  combination  (p.  276).  The  vapoi  deasity  of 
the  pentoxide  indicates  that  its  formula  is  PfO,^  but  its  whole  chemical 
belutrior  in  equally  well  represented  by  the  simpler  formula. 

The  trioxide  J8  oljtained  1^  burning  phosphorus  in  a  tube  with  a 
restrirtt<'(]  Mupjily  of  air.  It  is  a  white  Bolid,  melting  at  22.5^  and  boil' 
iug  at  ITS'.  On  account  of  the  ease  with  which  it  may  be  volatilized, 
it  oaa  be  separated  by  distillation  from  any  pentoxide  formed  at  the 
aame  time.  The  operation  must  be  carried  otit  in  an  apparatus  from 
which  the  air  la  excluded,  as  the  trioxide  unites  spontaneously  with 
oxygen.  The  vapor  density  of  the  Bubstance  shows  that  its  formula  is 
I',(J,,  This  formula  is  preferred  to  the  simpler  one  because,  although 
the  oxide  is  tlie  aniiydride  of  phosphorous  acid,  it  nevertheless  unites 
exceedingly  alowjy  with  cold  water  to  form  tliis  substance.  It  inter- 
actu  vigorously  with  hot  water,  but  phosphine,  red  phosphorus,  hypo- 
phodphorii;  ikM,  and  phf>9phorio  acid  are  amongst  the  pi-oducts,  and 
very  lil.tlo  phosphorous  add  escapes  decomposition.  When  this  oxide 
is  heated  to  44(r  it  decomposes,  giving  the  compound  P,0,  and  md 
phoephoros. 


N 
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AeMs  of  PhosfphofUH.  • — There  are  four  different  acids  of 
phosphorus  in  whioh,  probably,  four  distinct  stages  of  oxidation  are 
shown.  The  highest  stage  is  represented  by  three  phosphoric  aeids, 
where  the  degree  of  hydration  of  the  anhydride  varies.  These  are 
orthophosphorie  acid  H„P<>„  pyrophosphoric  acid  H,P;0„  and  metaphoa- 
jihorie  add  HPO,.  Tlie  other  aflids  are  less  important.  They  are 
jihosphorous  acid  (H,PO,),  hy|>ophosphoric  add  (HjP,0,),  and  bypo- 
phosphorous  acid  {HjPOj). 

The  Phosphoric  Acids.  —  The  relation  between  the  three  different 
phosphoric  acids  may  be  seen  by  considering  tliem  as  being  formed 
from  phosphorus  pentoxide  and  water.  It  will  he  remembered  that,  in 
the  majority  of  cases  already  considered,  this  sort  of  action  takes  place 
for  the  most  part  in  but  one  way.  Thus,  nitric  acid  is  known  in  but  one 
form,  which  is  produced  by  the  union  of  one  molecule  each  of  nitrogen 
pentoxide  and  water  :  NjOj  +  HjO— >2HN0,.  Similarly  the  chief  sul- 
phuric acid  is  the  one  formed  from  one  molecule  of  sulphur  trioxide 
and  one  molecule  of  water  :  SO,  +  IIjO  — »  HjSO^,  although  here  we 
have  both  the  hydrate  II.SO^,  H,0,  which  might  be  written  ItjSO^and 
disulphiiric  acid  HjSjOj.  Referred  to  the  anhydride  these  three  acids 
are  H,0,SO„  2H,0,S<:)a,  and  H,0,2SO,.  Periodic  acid  (p.  278)  has 
a  set  of  even  more  complexly  related  acids  or  salts, 

Now,  when  phosphoric  anhydride  actjs  upon  water  we  obtain  a  solu- 
tion which,  on  immediate  evaporation,  leaves  a  glassy  solid,  HP(.)„ 
known  as  metaphosphoric  acid.  This  is  11,0,  I'jO^.  When,  however, 
the  solution  is  allowed  to  stand  for  soinc  days,  or  is  boiled  with  a  little 
dilute  nitric  acid  whose  liydrioti  acts  catalytically,  the  residue  from 
evaporation  is  HjPO^,  orthophosphorio  acid  : 


PjOj  +  3H,0  ^  2n,P0,    or    HPO,  +  H,0  -.  H.PO,. 


This  acid  is  3HaO,  PjOj,  and  no  further  addition  of  water  can  be 
effected. 

Conversely,  when  orthophosphorio  acid  is  kept  at  about  2r»S°  for  a 
time,  it  slowly  loses  water,  and  H|P,0„  pyrophosphoric  acid,  is  ob- 
tained: 

2H,P0,  — H,0-(-H,PA- 

This  acid  is  2H,0,  PjO^.  Further  desiccation  leaves  metaphosphoric 
acid,  which  cannot  be  further  resolved  into  phosphorus  pentoxide  and 
water.     WTien  dissolved  in  water,  pyrophosphoric  acid  slowly  resumes 
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tlie  water  whinh  it  has  Inat  and  gives  the  ortho-acid  again,  The  pyro- 
aeid  does  not  seem  to  be  fornieil  liy  hydiutiou  of  the  meta-aoid,  but 
only  by  dehydration  of  the  ortho-acid. 

The  relations  of  all  these  substances  are  more  clearly  aeen  in  the 
graphic  formuliE: 


^  -O-II 
-O-H 

!:     O 
-O-H 

-O-H 
=  0 
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The  addition  ot  removal  of  water  leaves  the  valence  of  the  phosphorus 
unchanged. 

Pyrosulphnrip.  acid  and  its  salts  when  dissolved  in  water  give  sul- 
phuric a«id  and  acid  sulphates  respectively.  That  is  to  say,  the  ion  f^„i\ 
is  not  capable  of  existence.  But  the  very  slow  rate  at  which  the  less 
hydrated  phospbofic  acids  cliange  into  the  more  hydrated  ones  shows 
that  ions  like  PO/",  PO,',  and  PjO,""  may  be  comparatively  stable. 
The  behavior  of  solutions  of  the  salts  shows  this  even  more  clearly. 

OrffiophoMphnrie  Acid  and  Itjt  Snttn. —  As  we  have  seen,  ordi- 
nary calcium  pliosphate  is  thi;  source  of  tJie  impure,  commercial  acid. 
Pure  orthophosphoric  acid  may  be  made  by  boiling  red  phosphorus 
with  slightly  diluted  nitric  acid  and  evaporating  the  water  and 
excess  of  nitric  acid.  The  product  is  a  white,  crystalline,  deliques-  i 
cent  solid. 

This  acid  is  much  weaker  than  sulphuric  acid,  and  is  dissociated 
chiefly  into  the  ions  H*  and  HjPO^'.  The  dihydropliosphanion  is 
broken  up  to  some  extent  into  H'  and  HPO,",  as  we  learn  from  the 
fa<^t  that  the  .solution  of  the  sodium  salt  NaH^PO^  is  acid.  The  ion 
HPO,"  is  hardly  dissociated  at  all,  for  a  solution  of  the  salt  Ka^HPO^ 
is  alkaline  in  reaction. 

As  a  tribasic  acid,  it  forms  salts  of  three  kinds,  such  as  NaH^POi, 
Na,HPO„  and  Na,PO,.  Those  are  known  i-espectlvely  as  primary, 
■econdary,  and  tertiary  sodium  ortbophosphate.  The  primary  sodium 
jihosphate  is  faintly  add  in  reaction.  The  secondary  one  is  slightly 
alkaline,    because   of   hydrolysis   arising   from  the   tendency   of  the 


I 


hydrion  of  the  water  to  combine  with  the  HPOj"  to  form  HjPO/  (<■/, 
p.  344),  The  tertiai7  [thosphate  is  stable  only  iu  solid  form,  and  oan 
be  made  by  evaporating  to  drynesa  a  mixture  of  the  secondary 
phosphate  and  sodium  hydroxide : 

Na,HPO,  +  NaOH  jz*  Na,PO^  +  HjO  f , 

When  the  protluct  is  dissolved  in  water,  the  action  is  reversed  {ef. 
p.  375).  Mixed  phosphates  are  also  known,  particularly  sodium-am- 
monium phosphate  (microcosmic  salt),  NaNH,lIPO^,  and  the  insoluble 
magnesium-ammonium  phosphate,  MgNH^PO,. 

Primary  calcium  phosphate,  known  in  commerce  as  "  superphos- 
phate," is  used  fis  a  fertilizer.  On  account  of  its  insolubility,  and 
since  plants  can  take  up  soluble  substances  only,  calcium  phosphate  is 
of  relatively  little  servic*  to  plants.  It  is  therefore  converted  into  the 
"  superphosphate,"  which  is  soluble,  by  treatment  with  dilute  sidphuric 
acid  * 

Ca,(PO,),  +  HjSO,  fzi  SCaSO^  -|-  CaH«(PO^),. 

The  tertiary  phosphates  are  unchanged  by  heatmg.  The  primary 
and  secondary  phosphates,  however,  retaining,  as  they  do,  some  of  the 
original  hydrogen  of  the  phosphoric  acid,  are  capable  of  losing  water 
like  phosphoric  acid  itself,  when  heated.  The  actions  are  slowly  re- 
versed when  the  products  are  dissolved  in  water  : 


NaH^PO,  ^ 
2NaJkpO<f 


:  NaPO,  -)-  H,0, 
:  Na.P,0,  +  MjO. 


It  will  be  seen  that  the  mefca^  and  pyrophosphates  of  sodium  are 
formed  by  these  actions  \  and  this  is  indeed  the  simplest  way  of  form- 
ing these  substances,  since  the  acids  themselves  are  not  permanent  in 
solution,  and  are  too  feeble  to  lend  themselves  to  exact  neutralization. 
Ammonium  salts  of  phosphoric  acid  lose  ammonia,  as  well  as  water, 
when  heated  {cf.  p.  421).  Thus,  microcosmic  salt  gives  primary 
sodium  phosphate  -. 

H  NaNH.HPO,  -^  NaH,PO,  -1-  NH„ 

r  and  this  in  turn  is  converted  into  the  metaphosphate  by  loss  of  water. 

f         pho 
I  ingl 


FyrophosphoHc  Acid,  —  This  acid,  obtained  by  heating  ortho- 
phosphoric  acid,  may  be  prepared  in  pure  form  by  making  the  spar- 
ingly soluble  lead  salt  from  sodium  pyrophosphate,  and  precipitating 


a 
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the  plumbion  by  addition  of  svilphuric  acid.  In  solution  it  gradually 
reunites  with  water.  Although  tetrabasic,  having  four  hydrogen 
atoms  which  may  be  displaced  by  metals,  only  two  kinds  of  salts 
of  this  acid  are  kno^v^l.  These  are  the  normal  salts,  such  as  Na^PjO^ 
and  those  in  which  one-half  of  the  hydrogen  has  been  displaced  by 
a  metal  such  as  NajH^PjO^ 


r 


MetaphoHphorle  Acid.  —  This  is  the  "  glacial  phosphoric  acid  " 
of  commerce,  and  is  usually  sold  in  the  form  of  transparent  sticks. 
It  is  obtained  by  heating  orthophosphoric  acid,  or  by  direct  union  of 
phosphorus  peutoxide  with  a  small  anioimt  of  t^old  water.  It  passes 
into  vapor  at  a  high  temperature,  and  its  vapor  density  corresponds  to 
the  formula  (HPO,;^.  The  existence  of  certain  complex  salts  confirms 
our  belief  in  the  existence  of  a  tendency  to  association  (p.  242). 

Sodium  metaphospliate  NaPO,,  in  the  form  of  a  small  globule 
obtained  by  heating  microcosmic  salt  on  a  platinum  wire,  is  used  in 
analysis.  When  minute  traces  of  oxides  of  certain  metals  are 
placed  upon  such  a  globule,  known  as  a  bead,  and  heated  in  the  Bun- 
sen  flame,  the  mass  is  colored  in  various  tints  ivccording  to  the  oxide 
used  (bead  test).  This  action  may  be  understood  when  we  consider 
that  sodium  metaphosphate  takes  up  water  to  form  primary  sodium 
orthophospbate  :  Is'al'O,  -|-  HjO  ~*  j^alLPOj.  In  the  same  way,  but  at 
higher  temperatures,  it  is  able  to  take  up  oxides  of  elements  other  than 
hydrogen,  giving  mixed  orthophosphates.  Thus  with  oxide  of  copper 
a  part  of  the  metaphospliate  unites  according  to  the  eqxiation  : 

NaPO,  +  CuO  -♦  NaCuPO,, 

and  the  product  confers  a  green  tinge  on  the  bead. 

DistinffuMtlng  Tests. —  When  a  solution  of  nitrate  of  silver  ia 
added  to  a  solution  of  orthophosphoric  acid  or  any  soluble  orthophos- 
phate,  a  yellow^  precipitate  of  silver  orthophospbate  Ag,PO|  is  produced. 
This  is  a  test  for  phosphanion.  With  ))yrophosphoric  acid  or  any  pyro- 
phosphate the  product  is  white  Ag,P,0,.  With  metaphosphorie  acid  a 
white  precipitate,  AgPOj,  is  obtained  also.  Metaphosphoric  acid  coagu- 
lates a  clear  solutiou  of  albuiueu,  while  pjTophosphoric  acid  has  no 
visible  effect  upon  it. 

A  teat  for  orthophosphoric  acid,  or  rather  the  ion  PO,'",  consists  in  adding  k 
drop  of  the  solutiou  coiitiuuiiig  lUU  iuii  to  a  EiDlutinn  of  aaimonium  inolyMate  (g.V-) 
in  dilate  nitric  acid.     A  copious  yellow  precipit&te  of  an  amuionittm  pbospbo* 
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molybdate,  (NHJ^O,,llMaO„  flHjO,  appears  on  warming.  In  presence  of  excess 
of  ammonia,  the  iormaxion  of  Ibe  wtiite  iOitoluble  ammoniuin-aui^nesiuui  phosptiate 
;p.  4tJ7)  serves  aa  a  test  also.  Araenic  acid  (g.v.)  girea  precipitates  of  appetutwce 
and  compositioD  siinilar  to  these  two. 

Phosphorous  Acid.  —  With  cold  water  phosphorus  trioxide  (PiO,) 
yields  phosphorous  acid  very  slowly.  With  hot  water  the  action  is 
exceedingly  violent  and  complex  (p.  464).  This  acid  may  Ije  ohtained 
also  by  the  action  of  water  upon  phosphorus  trichloride,  tribromide, 
or  tri-iodide  and  evaporation  of  the  solution  : 

PCI,  +  3H,0  -» P(OH),  +  3HC1. 

A  certain  amount  of  this  acid,  along  with  phosphorio  acid  and  hypo- 
phosphoric  acid,  is  formed  when  moist  phosphorus  oxidizes  in  the  air. 
In  spite  of  the  presence  of  three  hydrogen  atoms,  this  acid  is  dibasic, 
and  two  only  are  replaceabki  by  metals.  To  express  this  fact,  the  first 
of  the  following  formula  is  preferred : 


0  =  P 


since  the  symmetrical  formula  would  indicate  no  difference  between  the 
three  hydrogen  atoms.  H  united  directly  to  P,  as  here  and  in  PUj,  is 
not  acidic.  Phosphorous  acid  is  a  powerful  reducing  agent,  preci]>itat- 
ing  silver,  for  example,  in  the  metaUic  form  from  solutions  of  its  salts. 
When  heated,  it  decomposes,  giving  the  most  stable  acid  of  phosphorus 
(cf,  pp.  268,  274,  395),  namely,  metaphoaphoric  acid,  and  phosphiue : 

4H,P0,-»  3HP0,  +  3H,0  +  PH,. 


4 


Hypophosphoroua  Add.  —  The  potassium  salt  of  this  acid  is  ob- 
tained, as  we  have  seen,  when  phosphorus  is  heated  with  potassiiun 
hydroxide  solution  (p.  461).  It  may  be  prepared  in  the  free  form  by 
substituting  barium  hydroxide  for  potassium  hydroxide : 

3Ba(0H)j  +  8P  +  6H,0  -*  3Ba(H,P0^,  +  2PI^ 

By  careful  addition  of  dilute  sulphuric  acid  to  the  resulting  liquid, 
barium  sulphate  is  precipitated.  On  evaporation  of  the  water  the 
white  crj'stalline  acid,  H^POj,  is  obtained.  This  acid  is  monobasic; 
two  of  its  hydrogen  atoms  cannot  be  displaced  by  metals.     To  ex- 
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press  this  fact  the  graphic  formula 


0  =  p3 


-  H 

H 


i  -OH 


is  used.     This  snb- 


I 

^ 


■ 


stance  ia  also  a  powerful  reducing  agent,  tending,  by  the  acquisition  of 
oxygen,  to  pass  into  phoaphorif  anid. 

Struvtnt'nl  F^^rmulw  of  Salts  of  Hifdroyen,  —  As  a  rule,  the 
formoUe  of  acidrt  liave  thus  tar  been  uTitten  with  the  ionizable  hydro- 
gen in  front :  HCl,  H,SOj,  HC,H,Oj.  This  is  only  one  illustration  of 
the  method  by  which  chemists  have  constuntly  sought  to  utilize  fonu- 
ulse  for  the  purfrose  of  expressing,  not  merely  the  composition  of  a  sub- 
stance, but  some  of  its  proiiertiea  aa  well.  By  another  typographical 
devil;l^  we  have  attemi>ted  to  indiisite  the  behavior  of  dilute  solutions 
by  putting  the  radicals  in  bi*ackets :  Cn(N0,)3,  Ba(OH)j.  These  are 
called  structural  or  constitutional  formijfp,  and  their  object  is  not  to 
show  actual  at.ructuie,  but  to  exhibit  the  luotles  of  action  of  the  sub- 
stance, by  means  of  a  supposed  structui'c.  Now  the  modes  of  action  of 
a  single  substance  are  often  rather  various,  and  one  and  the  same 
sti'uctural  formula  cannot  represent  all  of  these  at  once.  We  have 
observed  this,  particularly,  with  the  oxygen  acids.  Tims,  H^.SO,  ex- 
presses tlio  mode  of  activity  in  dilute  solution  and  often  when  no  solvent 
ia  present,  sa  in  the  action  on  chlorides  (p.  178)  and  nitrates  (p.  439). 
But  when  all  the  hydrogen  of  an  acid  is  not  ionizable,  we  regard  that 
which  is  so  as  part  of  an  hydroxyl  group  in  the  parent  molecules,  and 
the  rest  as  being  attached  to  the  characteristic  non-metal  of  the  acid, 
for  example,  the  phosphorus  {ef,  pp.  391,  392).  Thus,  we  should  write 
phosphorous  acid  P0H(0H))5  iu3t«a*l  of  H;P(>„11,  to  clironicle  this  fact. 
So  also  the  formula  P0H3(0H)  is  used  for  hypojjhosphorous  acid. 
Molecular  actions,  such  aa  those  of  sulphuric  acid  SOj(0H)j  (p.  389), 
are  welt  shown  by  these  formuhe  : 


SO,(OII),  +  2HBr  -»  SO,  +  2H,0 


+  Br^ 


It  must  be  noted  particularly  that  tliis  sort  of  formula,  when  the  suh- 
atauee  for  whiiih  it  stands  is  an  acid,  represents  only  some  features 
in  the  behavior  of  the  anhydrous  substance  and  of  the  molecules,  and 
not  the  ionic  action  in  solution.  A  formula  like  Ba{OH)i.  where  the 
material  i.s  a  base,  ou  the  other  haud,  represents  both  the  ionic  and  the 
molecular  behavior.  The  graphic  foruuila  is  more  general  ((/,  p.  224). 
It  shows  all  these  relations,  and  often  still  others,  but  none  of  them  so 
8peci|ically. 
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SttlfthSileit  of  PhoHphovufi.—  Yellow  phosphorus  when  heatetl  -with 
sulphur  unites  with  explosive  violeiioe.  By  usinj;  red  phosphorus  the 
action  can  be  controlled.  By  employing  the  projjer  proportions  the 
peutasttlphide  FjSj  is  secured.  It  i.s  purified  hy  distillation  from  a 
retort  in  which  a  current  of  carbon  dioxide  is  maintained  (see  below). 
The  distillate  soUdifiea  to  a  yellow  crystalline  mass,  which  molts  at 
274°  and  boils  at  530".  Materials  undergoing  chemieal  change,  whieh 
are  to  be  kept  at  a  constant,  high  temperature,  are  often  placed  in 
tubes  suspended  iri  the  vajior  of  the  pentasulpliide.  When  a  lower 
temperature  is  required,  Ixtiliuy  sulphur  (448°)  is  used. 

DistiUation  in  a.  Btream  of  aome  Inactive  gas  is  a  conunoa  means 
of  distilling  under  reduced  pressure  {>'/.  ji,  LTtV).  The  dilution  of  the 
vapor  lowers  its  partial  pressiu'e,  just  as  would  evacuation.  This  plan 
has  the  advantage,  however,  of  sweeping  the  vapor  away  from  the 
heated  region  into  the  condenser,  and  so  diminishing  the  amount  of 
decomposition.  In  dealing  with  compounds  of  carbon,  a  current  of 
steam  is  often  used  for  the  above  purposes.  It  enables  us  also  to  sepa^ 
rate  a  slightly  volatile  substance  from  one  which  is  almost  involatile.     ^^ 

Phosphorus  pentasulphide  acts  upon  water  in  the  cold,  and  upon^^l 
substances  containing  hydroxyl  when  heated  with  them,  the  actions  ' 
being  similar  to  those  of  the  pentaehloride  (p.  46^)  : 


Other  sulphides,  I'tS,,  P^S,,  and  PjSj,  may  be  prepared  by  using  the 
constituents  in  the  proportions  represented  by  these  formuhe. 


* 


Contprtrinmt  of  T'ho»phoj'ua  with  Xifroffen  and  with  Sttfphiir, 

—  Although  jiijospliorus  ;uul  nitrogen  are  regarded  as  belonging  to  one 
family,  the  differences  between  them  are  more  conspicuous  than  the 
resemblances.  The  latter  are  confined  ahuost  wholly  to  matters  <:'ou- 
cerned  with  valence.  The  differences  are  seen  in  the  facts  that  nitro- 
(^Q  is  a  gas  and  exists  in  but  one  form,  while  phosphorus  is  a  solid 
occurring  in  two  varieties,  and  tliat  the  former  is  inactive  and  the  latter 
active.  The  contrast's  lietween  phosphine  and  ammonia  (pp.  461-2) 
and  between  the  halides  of  the  two  elements  (p.  462)  have  been  jioted 
already.  The  pentoxide  of  nitrogen  decomposes  sjiontaneously ;  that 
of  phosphorus  is  one  of  the  most  stable  of  compounds.  Nitric  acid 
is  very  active ;  the  phosphoric  acids  are  q\ute  the  reverse. 

On  the  other  hand,  the  resemblance  of  phosphoi-us  to  sulphur  is 
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marked.  Both  are  solids,  existing  in  several  forms.  Both  yield  stable' 
compounds  with  oxygen  and  chloriEe,  The  hydrogen  compounds 
interact  with  salts  to  gire  phosphides  of  metals  and  sulphides  of 
metals,  respectively.  Against  these  must  be  set  the  facts,  that  hydro- 
gen sulphide  does  not  unite  with  the  hydrogen  halides  at  all,  and  that 
phosphoric  acid  is  hard  to  reduce,  while  sulphuric  acid  is  reduced  with 
comparative  ease. 


Exercifiett,  —  1.  Explain  the  effect  of  sulphuric  acid  in  setting 
fire  to  tlie  earliest  matches  (p.  4ti0). 

2.  Make  a  brief  dcfioition  of  a  substance  capable  of  sublimation 
(p.  463). 

3.  Why  would  a  mixture  of  potassium  dichromate  and  hydrochloric 
acid  (p.  374)  be  less  suitable  than  nitric  acid  for  making  phosphoric 
acid  from  red  phosfthorna  ? 

4.  Why  is  not  the  tertiary  phosphate  of  sodium  (p.  467)  decom- 
posed by  heating  ?  Wliat  tertiary  phosphates  would  be  decomposed 
by  this  means  ? 

5.  Formulate  the  hydrolyses  of  the  secondary  and  tertiary  sodium 
orthophosphates  as  was  done  for  sodium  sulphide  (p.  375). 

6.  How  should  you  prepare  Ca,VjOj  and  Ca(PO,)j  ? 

7.  What  product  should  you  confidently  expect  to  find  after 
heating  (a)  sodium  phosphite,  Na^HPO,,  (A)  barium  hypophosphito 
(p.  4G9)  ? 

8.  Compare  the  elements  chlorine  and  phosphorus 'after  the  man- 
ner of  the  comparisons  on  p.  471. 


CHAPTER  XXVni 
CARBON  AND  THE  02;ID£S   OF  CARBON 

The  Chemical  Relations  of  the  Element.  —  The  eleraeata  of  the 
carbon  family  are  carbon,  silicon,  germanium,  tin,  aod  lead.  Of  these 
the  first  two  are  entirely  non-metallic,  while  the  others  are  metals 
showing  more  or  less  strong  resemblances  to  the  non-metals.  All  these 
elemenU  are  quadrivalent  as  regards  the  maximum  valence  which  they 
exhibit.  With  the  exception  of  silicon,  however,  they  all  form  com- 
pounds in  which  they  are  bivalent. 

The  chemistry  of  the  compounds  of  carbon  is  an  exceedingly  ex- 
tensive and  complex  subject,  It  is  commonly  known  as  organic 
chemistry,  on  account  of  the  fact  that  the  majority  of  the  substances 
composing,  and  produced  by,  living  organisms  are  compounds  of  carbon, 
and  that  it  was  at  tirst  supposed  that  their  artificial  production,  e.tj.  with- 
out the  intervention  of  life,  was  impassible.  But  many  natural  organic 
products  have  now  been  made  from  simpler  ones  or  from  the  elements, 
a  process  called  Bynthesia,  and  the  preparation  of  the  others  is  de- 
layed only  in  eonset^uence  of  difficuiries  caused  by  their  instability  and 
complexity.  On  the  other  hand,  hundreds  of  compounds  unknown  to 
animal  or  vegetable  life,  including  many  valuable  drugs  and  dyes,  have 
now  been  added  to  the  catalogue  of  chemical  componnds. 

The  elements  entering  into  carbon  compounds  are  chiefly  hydrogen 
and  oxygen.  After  these,  nitrogen,  the  halogens,  and  sulphur  may  be 
named. 

Carboit. 

Occurrence, —  Large  quantities  of  carbon  are  found  in  the  free 
condition  in  nature.  The  diamond  is  the  purest  natural  carbon,  and 
at  the  same  time  the  leaat  plentiful.  Gi-aphite,  or  plumbago,  which  is 
the  next  purest,  is  found  in  limited  amounts,  and  is  a  valuable  mineral. 
Coal  occurs  in  numerous  forms  containing  greatly  varying  proportions 
of  free  carbon.  Small  quantities  of  the  free  element  have  been  found 
in  meteorites. 

In  combination,  c^irbon  is  found  in  marsh-gas,  or  methane  CH„ 
which  is  the  chief  component  of  natural  gas.     The  mineral  oils  consist 
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almost  entirely  of  mixtures  of  various  compounds  of  carbon  and  hydro- 
gen. Whole. geological  formatioos  are  composed  of  carbonates  of  com- 
mon metals,  particularly  calcium  carbonate  or  limestone,  and  a  double 
carbonate  of  calcium  and  magnesium,  known  as  dolomite. 


Fiii,  »i. 


The  Dinmond.  —  The  varieties  of  carbon  diifer  very  markedly  in 
their  physical  properties,  and  to  some  extent  also  in  their  chemical, 
behavior.  Diamonds,  which  are  found  in  India,  Borneo,  Brazil,  and 
South  Africa,  are  scattered  apai'sely  tluough  metamorphic  and  volcanic 
rocks  which  seem  to  have  undergone  secondary  changes.  They  are 
covered  with  a  crust  which  entirely  obscures  their  luster,  and  possess 
natural  crj'stalline  forms  belonging  to  the  regular  system,  A  form  re- 
Lated  to  the  octahedron  is  frequently  observed.  It  should  be  noted  that 
this  natural   form  bears  no  relation  whatever  to  the  jiaeudo-crystal- 

hne  shape  which  is  conferred  upon 
the  stone  by  the  diamond-cutter, 
Thua,  a  "brilliant"  possesaes  one 
rather  large,  flat  face,  which  forma 
the  base  of  a  many  sided  pyra- 
mid (Fig.  91,  showing  two  views). 
This  form  is  given  to  the  stone,  in 
order  that  the  maximum  reflection 
of  hght  from  its  interior  may  be 
produced.  The  diamond  is  harder  than  any  other  variety  of  matter, 
with  the  exception,  jwrliaps,  of  one  compound  of  boron,  while  only  one 
or  ;wo  other  materials,  like  carborundum,  approach  it.  It  may  tie  re- 
marked in  passing,  that  the  hardness  of  a  substance  is  measured,  on  an 
ai"bitrary  scale,  by  the  way  in  which  it  is  able  to  scratch  smooth  sur- 
faces of  other  bodies.  The  comer  of  one  of  the  natural  diamond  crys- 
tals will  scratch  tho  surface  of  almost  every  other  substance,  while  its 
surfaces  in  turn  are  acrat-ched  by  carbide  of  boron  alone.  Its  specific, 
gravity  is  aliont  3.5,  and  it  is  the  densest  form  of  carbon.  Few  materi- 
als are  cai)ahle  of  dissolving  any  of  the  forma  of  carbon.  Molten  iron 
{'[.v.)  dissolves  five  or  six  per  cent,  part  of  which  goes  into  combina- 
tion, and  a  few  other  substances  at  high  temperatures  dissolve  much 
smaller  quantities.     The  diamond  is  a  nonconductor  of  electricity. 

The  largest  diamond  known,  the  Jubilee,  was  exhibited  at  the  Paris 
Exposition  of  1900,  and  weighed  49  g.  The  Koldnoor  weiglis  22  g. 
The  diamond,  although  its  origin  in  nature  is  still  a  matter  of  nncer- 
teinty,  has  been  made  artificially  in  several  ways.     Moissan  (1887) 
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diasolved  carbon  in  molten  iron  and,  after  chilling  the  mass  so  as  to 
produce  a  solid  crust,  which  hy  its  shi'inkage  severely  oorapressed  the 
interior,  allowed  the  whole  to  cool  very  slowly.  Portions  of  the 
iiitei-ior  of  the  ingot  were  treated  with  acid  to  dissolve  the  ii-on,  and 
amongst  the  insoluble  particles  were  recognized  a  few  niiurosuopic 
fragments  (none  larger  than  0,5  mm.)  which  exhibited  the  form  and 
hardness  of  the  diamond.  The  greater  part  of  the  carbon,  however, 
appeai'ed  as  graphite. 

That  the  diamond  contains  nothing  but  carbon,  is  shown  by  the 
fact  that  when  burned  it  produces  nothing  but  carbon  dioxide. 

G^raph  ite.  —  Graphite  (Gk.  ypai^w,  I  write)  is  found  in  Cumber- 
land, Silieria,  Ceylon,  and  elsewhere.  Good  crystals  are  seldom 
found,  but  the  form  appears  to  beloug  to  the  hexagonal  syst«m.  Tlte 
niiueral  is  extremely  soft,  in  utter  contrast  to  the  diamond,  and  has  a 
smaller  specific  gravity  (aliout  2.3).  It  conducts  electricity.  It  is  now 
made  artificially  by  an  electro-thermal  process  (cf.  p.  457).  A  power- 
ful alternating  current  ia  passed  through  a  mass  of  gi'auular  anthracite, 
and  the  latter,  although  not  melted  by  the  high  temperature,  is  largely 
converted  into  graphite. 

Graphite  is  now  used  exclusively  for  making  the  anodes  in  the 
electrolj-tic  manufactnre  of  chlorine  and  in  related  processes.  Mixed 
with  fine  clay  it  forms  the  "  lead  "  of  lead  pencils.  As  "  black-lead  ", 
it  is  employed  to  protect  ironware  from  i-usting.  It  takes  the  place  of 
oil  as  a  lubricant  in  cases  where  the  former  would  be  decomposed  by 
heat.  The  fine,  slippery  scales,  which  it  forms  when  pulverized,  fill 
the  inequalities  in  the  beai-ings,  and  glide  over  one  another  with  little 
friction. 

Atnorphoug  Cnrbon,  —  This  is  the  name  given  to  the  vai'ieties  of 
the  element  which  have  no  crystalline  form.  They  vary  in  specific 
gravity  up  to  1.9.  Coke,  which  is  now  manufactured  in  immense 
quantities  by  heating  coal  until  all  the  volatile  matter  has  Ijeen  dis- 
tilled off,  is  a  very  dense  variety  of  amorphous  ciu'bon.  It  ia  used  in 
the  reduction  of  iron  ores.  The  value  of  coking  lies  largely  in  the 
removal  of  the  sulphur,  originally  contained  in  the  coal  in  the  form  of 
jjyrite. 

By  the  imperfect  combustion  of  heavy  oils  and  resms,  in  which 
the  tlame  plays  upon  a  cooled  sui'face,  a  finely  divided  form  of  carbon 
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known  as  lampblack  is  produced.  This  ia  much  used  in  the  manu- 
facture of  jirmter's  iuk. 

Charcoal  is  chiefly  made  by  the  heating  of  wood  oat  of  contact 
■with  air.  In  the  more  retined  forms  of  the  process  the  charring  is  con- 
ducted iu  retorts,  and  the  materials  which  distil  off  are  used  in  vari- 
ous ways.  Wood  consists  largely  of  cellulose  (C,H,jO,),,  incruated 
with  lignin  and  holding  much  moisture  and  resinous  material.  Tlie 
products  of  its  distillation  are  partly  gaseous  and  partly  fluid.  The 
gaaes,  consisting  mainly  of  hydrogen,  methane  CH„  ethane  C,H„  ethy- 
lene CjH^,  and  carhon  laonoxide  CO,  are  employed,  on  account  of  their 
combustibility,  as  fuel  in  the  distillation  itself.  The  fluids  form  a 
complex  mixture  containing  large  quantities  of  water,  wood  spirit,  or 
methyl  alcohol  CII,OH,  acetic  acid,  acetone  (CH,)jCO,  and  tar.  Wood 
charcoal  exhibits  the  cellular  stiiicture  of  the  material  fi-om  which  it 
was  maile,  and  is  therefore  exceedingly  porous.  The  original  mineral 
constituents  of  the  wood  appear  in  the  ash  of  the  charcoal  when  the 
latter  is  bumed. 

For  certain  purposes,  charcoals  made  in  the  same  fashion  as  the 
above  from  hones  and  from  blood,  find  wide  application.  The  former, 
called  bone  black  (p.  456),  contains  much  calcium  phosphate.  In  the 
chemical  laboratory,  puro  carbon  is  made,  as  a  rule,  by  the  charring  of 
sugar  (cane-sugar,  Cyll^O,,).  The  sugai-  ia  purified  from  mineral 
matter,  before  use,  by  crystallization  from  water. 

The  tendency  of  ahuost  all  carbon  compounds  to  char,  when 
heated,  is  used  as  a  means  of  recognizing  their  presence. 

Properties  of  Ch«rcti«f,  —  Charcoal  exhibits  certain  properties 
which  are  not  shared  to  any  extent  by  other  forma  of  carbon.  For 
example,  it  can  take  up  large  quantities  of  mauy  gases.  Boxwood 
charcoal  will  in  this  way  absorb  ninety  times  its  own  volume  of  am- 
monia, fifty-five  volumes  of  hydrogen  sulphide,  or  nine  volumes  of 
oxygen.  Freshly  made  dogwood  charcoal  (used  in  making  the 
best  gunpowder),  when  pulverized  immediately  after  its  preparation, 
often  catches  fire  spontaneously  on  account  of  the  heafc  Uberated  by  the 
condensation  of  oxygen.  It  is  therefore  set  aside  for  two  weeks,  to 
permit  the  slow  absorption  of  moisture  and  air,  before  being  ground  up, 
Tbe  absorbed  gases  may  be  removed  unchanged  by  heating  the  charcoal 
in  a  vacuum.  The  disappearance  of  these  immense  quantities  of  gas 
into  small  pieces  of  charcoal  is  described  as  sdaorptlon,  and  is  caused 
by  the  adhesion  of  the  gases  to  the  very  extensive  internal  surface 
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which  the  charcoal  possesses.  Solid  and  liquid  bodies  are  also  in 
many  cases  taken  up  by  charcoal  in  a  similar  fashion.  Thus,  atrychnine 
maj  be  removed  from  an  aqueous  solution  by  agitation  of  the  latter 
with  charcoal.  In  the  manufacture  of  whiskey  (q.v.),  the  fusel  oil,  which 
is  extremely  harmful,  is  in  many  eases  removed  by  filtration  of  tlie 
diluted  spirit  through  charcoal,  before  recti ticatiiiH,  Organic  coloring 
matters,  such  as  litmus  and  indigo,  belong  to  the  claaa  of  bodies  thus 
extracted  from  solution  by  charcoal.  In  the  refining  of  sugar  the  - 
syrup  is  boiled  with  charcoal  for  the  purptise  of  removing  a  browo^^f 
resin,  in  order  that  the  product  may  be  perfectly  white.  It  is,  in  part,^^ 
upon  this  property  that  we  rely,  also,  in  the  employment  of  chai-coal 
filters.  The  organic  materials  dissolved  in  the  drinking  water  under- 
go adsorption  in  the  charcoal.  In  this  connection,  however,  it  must 
be  remembered  that  the  quantity  which  a  given  mass  of  charcoal  may 
take  up  is  limited,  and  that  careful  cleansing  is  required  in  order  that 
the  efficiency  of  the  filter  may  L«  maintained. 

Coal.  —  Peat,  brown  coal,  soft  coal,  and  anthracite  represent,  in  a 
general  way,  different  stage.*,  in  the  decompOBiti^i  of  vegetable  matter 
in  absence  of  air.  Water  and  compounds  of  carbon  and  liydrogen  are 
given  off  in  the  process.  The  ratio  which  the  cai'bon  combined  with 
oxygen  and  hydrogen  beai's  to  the  free  carbon  decreases  in  the  order  in 
which  the  substances  stand  above,  Tlie  following  table  shows  this 
change  in  composition  and  the  relations  of  the  substances  to  fresh 
wood  on  the  one  hand  and  charcoal  and  coke  on  the  other : 
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Chemical  FroperHea  of  Carbon.  —  Diamond,  graphite,  and 
amorphous  carbon  probably  differ  from  one  another,  not  merely  in 
physical  properties,  but  also  chemically.     Certainly  the  stability  of 
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compounds  containing  many  units  of  carbon  in  their  molecules  indi- 
cates a  great  tendency  of  carbon  to  combine  witli  itself,  and  gives 
plausibility  to  the  belief  that  the  molecule  of  free  carbon  may  itaelf  be 
complex.  Differences  in  the  size  or  structure  of  these  complex  molei- 
cules  would  account  for  the  variety  in  the  forms  of  the  element. 
Amorphous  carbon  is  the  least  stable  of  the  three,  for  it  liberates  most 
heat  in  entering  into  combination.  Since  graphite  is  formed  at  high 
temperatures,  and  diamonds  turn  into  a  black  mass  under  the  same 
conditiorts,  we  may  presume  that  graphite  is  the  most  stable,  at  least 
at  3000°. 

The  most  common  uses  of  carbon  depend  upon  its  great  tendency 
to  unite  with  oxygen,  forming  tarbou  dioxide.  Under  some  circum- 
stances carbon  monoxide  is  produced.  Aside  from  tliy  direct  employ- 
ment of  this  action  for  tlie  sake  of  the  heat  which  is  liberated,  it  ia 
used  also  in  the  reductiim  of  ores  of  iron,  eojiper,  zinc,  and  many  other 
metals.  Wljen,  for  example,  finely  powdered  cupric  oxide  and  carbon 
are  heated,  copper  is  obtained.  The  gas  given  off  is  either  carbon 
dioxide,  or  a  mixture  of  this  with  cai'bun  monoxide,  acootding  to  the 
proportion  of  cai'bon  used ; 

CuO-f-C-i.   Cu-l-CO, 
2CuO  +  C  — .  2Cu  +  CO,. 

Carbon  unites  directly  with  hydrogen  very  reluctantly.  When  an 
electric  arc  is  produced  between  carton  poles  in  a  tube  through  which 
a  stream  of  hydrogen  passes,  acetylene  Cjlij  is  formed.  The  presence 
of  this  gas  may  be  shown  by  the  luminosity  its  combustion  confers 
on  the  hydi-ogen  flame.  This  sultstauce  cnu  form  the  starting-point 
for  the  artificial  preparation  of  many  carbon  compounds,  and  its  syn- 
thesis possesses  therefore  a  certaiu  interest. 

At  the  high  temperatures  produced  in  the  electric  furnace,  carbon 
unites  with  many  metals  and  some  non-metals.  Compoumis  formed 
in  this  way  are  known  as  carbides,  sucii  as  aluminiiuu  carbide  Al^C„ 
calciuitt  carbide  CaC„  and  carborundum  CSi. 


. 


Calotum  Carbide,  —  This  compound,  which  ia  colorless  when 
pure,  is  manufactured  in  an  electric,  fiu-nace,  by  the  interaction  of  finely 
pulverized  limestone  or  quicklime  with  coke : 

CaO  -I-  3*;  -«  CaC,  +  CO. 

The  ojveration  is  a  continuous  one,  the  materials  being  thrown  into  the 
left  side  of  the  drum  (Fig.  92,  diagrammatic),  and   the  product  re- 
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ed  on  the  right.  The  carkin  poles  are  fixed.  The  arc  hayiii 
established,  the  dnim  is  rotated  slowly  aa  the  carbide  aooumu' 
lates.  The  current  enters  by  one  carbon,  passes  through  the  carbide, 
and  leaves  by  the  other.  The  high  resistance  of  the  partially  trans- 
formed material  causes  the  production  of  the  beat.  When  the  action 
m  one  layer  approaches  completion,  the  resistance  falls,  the  current 
increases,  and  an  armature  round  which  the  wire  passes  (not  shown  in 
Fig.  92)  comes  into  operation  and  turns  the  drum.  In  this  way  the 
carbide  just  formed  is  continuously  moved  away  from  the  ciirbons,  and 
new  material,  introduced  on  the  left,  falls  into  the  path  of  the  current. 
The  iron  plates  which  form  the  cb'cumference  of  the  druiu  are  added 
on  the  left  and  removed  on  the 
right,  where  also  the  carbide  is 
broken  out  with  a  chiseL  The 
di"um  revolves  once  in  about 
three  days.  The  product  is 
used  for  making  acetylene  (y.v.). 


Cabbon  Dioxide  and 
Carbonic  Acid. 

Occurrence.  —  Carbon  di- 
oxide is  present  in  the  atmos- 
phere, and  issues  from  the 
ground  in  large  quantities  in 
certain  neighborhoods,  aa,  for 
example,  near  the  Lake  of 
Laach,  in  the  so-called  Valley  of 
Death  in  Java,  and  in  the  Urotta  del  Cane  near  N'aples.  Effervescent 
mineral  waters  contain  it  in  solution,  and  their  effervescence  is  caused 
by  the  escape  of  the  gas  when  the  pressure  is  reduced.  Well-known 
waters  of  this  kind  are  those  of  Selters  (whence,  by  a  singular  per 
yersion,  the  English  word  seltzer  is  derived)  and  of  the  Geysei 
Spring  at  Saratoga. 


Modes  of  Foi'mation. — Carbon  dioxide  is  produced  by  combus- 
tion of  carbon  in  the  presence  of  an  excess  of  oxygen ; 

C  -I-  0,  -»  GO, 

The  combustion  of  all  compounds  of  carbon,  as  well  as  the  slov  oxida- 
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tioii  in  the  tissues  of  plants  and  aDimals,  leads  to  the  formation  of  the 
same  product. 

It  was  Joseph  Black  (1757)  who  first  recogniaed  the  gas  as  a 
distinct  substance.  He  observed  its  formation  when  marble  or  mag- 
nesium carbonate  was  heated : 

CaCO,  fz»  CaO  +  C0„ 

and  named  the  gas  "  fixed  air "  from  the  fa^t  that  it  was  contained  in 
these  solids  The  above  action  had  been  used  for  centuries  in  making 
quicklime  (calcium  oxide).  All  common  carbonates,  excepting  the 
normal  carbonates  of  potassium  and  sodium,  decompose  in  this  way, 
leaving  the  oxide  of  the  metal. 

Black  found  that  the  gas  was  also  produced  when  acids  acted  upon 
carbonates,  and  this  method  is  conunonly  employed  in  the  laboratory  : 

CaCO.  (soUd)  £5  CaCO,  (diss'd)*,  Ca"+CO,"  L    „  ^^  _  „  ^  ,  ,-,^ 
.        2HC1  (diss'd)  t=f  2CI'  +  2H'  S  -*     ■    ^'  ^  ^" +^0^ 

Since  the  carbonic  acid  is  very  slightly  ionized,  the  action  is  like 
that  of  acids  on  sulphites  (p.  398).  The  carbonate  of  calcium,  how- 
ever, is  very  slightly  soluble,  so  that  an  additional  equilibrium  controls 
its  solution.  In  this  respect  the  action  is  like  that  of  acids  on  ferrous 
sulphide  (p.  371). 

Carbon  dioxide  is  also  a  product  of  the  fermentation  of  sugar  (g.v.), 
as  Black  had  the  credit  of  showing. 

Physical  Propertiegt  —  Carbon  dioxide  is  a  colorless,  odorless 
gas.  It  is  much  heavier  than  air.  The  G.M.V.  weighs  44  g.  The 
critical  tempei-ature  is  31.1°.  Liquefied  carbon  dioxide  boils  at  —79". 
The  sp.  gr.  of  the  liquid  at  0**  ia  0.95.  At  0"  its  vapor  tension  is 
35.4  atmospheres  and  at  20°  59  atmospheres,  It  must  be  preserved, 
therefore,  in  very  strong,  wrought-iron  cylinders,  Large  quantities  of  it, 
often  collected  from  fermentation  vats,  are  sold  in  such  cylinders,  and 
used  in  operating  beer-pumps  and  in  making  aerated  waters.  When 
the  liquid  is  allowed  to  flow  out  into  an  open  vessel  it  cools  itself  by 
its  own  evaporation  and  forms  a  white,  snowlike  mass.  Solid  carbon 
dioxide  evaporates  without  melting  (c/.  p.  463).  A  mixture  of  solid 
carbon  dioxide  with  ether  is  frequently  used  as  a  freezing  mixture 
(—80°).  The  ether  is  employed  to  secure  better  contact  with  the  body 
to  be  cooled. 
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The  great  contrast  in  the  speeds  of  a  chemiciil  change  at  two 
temperatures  (c/.  p.  713)  may  be  illustrated  by  putting  a  minute  piece 
of  sodium  ia  some  30  per  cent  hydrochloric  acid  which  has  been 
cooled  ia  the  above  mixture.  Hardly  any  intera<jtion  can  be  observed.^ 
But  if  the  temperature  of  the  acid  ia  allowed  to  rise,  the  action  becomes 
more  and  more  rapid,  and  ends  by  being  explosively  violent. 

Carbon  dioxide  gas  under  a  pressure  of  7fi0  mm.  and  at  a  tempera- 
ture of  15°  dissolves  in  its  own  volume  of  water.  Up  to  pressures 
of  four  or  five  atmospheres  Henry's  law  describes  its  solubility  accu- 
rately. An  a<}Ueoit8  solution,  prepared  under  a  pressure  of  2-3  atmos- 
pheres, is  familiarly  known  as  xoda  water. 

Chemical  I'ropertieg.  —  Carbon  dioxide  is  a  stable  compound, 
and  shows  a  little  dissociation  only  at  the  Iiigbest  temperatures  : 
liCO,  ^  2C0  +  O,. 

The  most  active  metals,  such  as  potassium,  sodium,  and  magnesium, 
burn  brilliantly  when  heated  in  carbon  dioxide,  producing  the  oxide 
of  the  metal  and  freo  carbon.  Less  active  metals,  such  as  zinc  and 
iron,  give  an  oxide  of  the  metal  and  carbon  monoxide  (y.t*.). 

Carbon  dioxide  unites  directly  with  many  oxides,  particularly  those 
of  the  more  active  metals,  such  as  the  oxides  of  potassium,  sodium, 
calcium,  etc.  Hence  the  decomposition  of  calcium  carbonate  by  heat- 
ing (p.  480)  ia  a  reversible  action,  which  proceeds  in  the  opposite  direc- 
tion when  a  sufficient  pressure  of  carbon  dioxide  is  employed  (r-f.  p. 
256  and  Chap,  xxxv). 

Carbon  dioxide,  when  dissolved  in  water,  forma  an  unstable  acid: 

H^O-|-CO,j-tH,CO,, 

The  name  carbonic  acid  is  frequently,  though  improperly,  given  to 
the  gas  itself,  which  is  really  the  anhydride  of  the  acid  and  has  no 
acid  properties. 


Chemical  Properties  of  Carbonic  Actd.  —  The  solution  of  car- 
bon dioxide  in  water  exhibits  the  properties  of  a  weak  acid.  It  con- 
ducts electricity,  although  not  well.  It  turns  litmus  red,  though  not 
so  decidedly  as  do  strong  acids.  Its  feebleness  is  due,  however,  not 
exclusively  to  the  small  degree  of  ionization,  but  also  to  the  fact  that 
ordinary  solutions  of  carbon  dioxide  are  necessarily  very  dilute.  The 
ionization  takes  place  chiefly  according  to  the  equation  : 

H,CO,i^H'  +  I  ICO/. 
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la  a  deci-nonnal  solution,  less  than  two  molecules  of  the  acid  in  a 
thousaud  are  ionized.  Tlie  conditions  of  equilibrium  between  tlie  gaa 
and  the  solution  are  precisely  similar  to  those  described  under  sul- 
phurous acid  (p.  393). 

Carbonates,  —  ^Vlien  excess  of  an  aqueous  solution  of  carbonic 
acid  is  mixed  with  a  solution  of  a  base  like  sodium  hydroxide,  or,  as 
the  operation  is  more  usually  performed,  when  carbon  dioxide  is 
passed  directly  into  a  solution  of  the  alkali,  water  is  formed  and  the 
carbonate  remains  dissolved: 

H,COj  +  NaOH  ^  H,0  +  NaHCO,,  or  H'  +  On'  —  H,0. 

The  product  is  sodium  hydrogen  carbonate  (sculium  bicarbonate). 
Although  technically  an  acid  salt,  its  solution  is  neutral  on  account  of 
the  exceedingly  slight  dissociation  of  the  HCO,'  ion.  By  addition  of 
an  equivalent  of  sodium  hydroxide  to  the  solution  of  the  bicarbonate 
the  normal  carbonate  is  obtained  : 

NaOH  +  NaHCO,  i^  H,0  +  Na,CO,. 

This  solution  is  alkaline  in  reaction,  for  the  same  reason  that  a  solution 
of  secondary  sodium  orthophosphate  is  so  (cf.  p,  466). 

The  c^irbonates,  with  the  exception  of  those  of  potassium,  sodium, 
and  ammonium,  are  insoluble  in  water,  and  may  be  obtained  by  precipi- 
tation when  the  proper  ions  are  employed.     For  example  : 


MgSO,  +  Na,CO,  {^  MgCOj  [+  Na,80,  or  Mg"+  CO,"  ^  MgCO.i, 

The  aqueous  solution  of  carbon  dioxide  interacts  with  solutions  of 
_  barium  and  calcium  hydroxides  in  a  similar  manner  ; 

^P  Ca(OH)j  +  n^CO,  t=i  CaOO.  [  +  H,0. 

I  The  formation  of  precipitates  with  these  solutions  ia  used  as  a  test  for 

I  carbon  dioxide  and  a  means  of  estimating  its  amount  in  a  sample  of 

L  air  (q.v.). 

I  Excess  of  carbon  dioxide  converts  calcium  carbonate  into  the  more 

^^L  soluble  bicarbonate,  and  hence  considerable  quantities  of  "  lime  *'  are 

^^B  frequently  held  in  solution  by  uatural  waters : 

^P  HjCO,  +  CaCO,  f^  II,Ca(CO,),. 

I         A  considerable  excess  of  carbon  dioxide  is  requirad  to  convert  the 


* 
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13  marlcedly  re^rersible.  In  the  same  fashion,  the  carbonates  of  iron 
(FeCO,),  magnesium,  and  zinc  are  somewhat  soluble  in  water  con- 
taining free  carbonic  acid.  In  fact,  the  solution,  transportation,  and 
deposition  of  all  these  carbonates  take  place  in  nature  on  a  large  scale 
by  the  alternate  progress  and  reversal  of  this  action.  Water  contain- 
ing calcium  carbonate  in  solution  is  known  as  hard  water  (g.v.),  that 
containing  ferrous  carbonate  as  chalyheaU,  or  iron  water. 

Mole  of  Chlorophyl'bearing    Plants   in  Storing  Enerffy,  — 

While  in  plants  the  same  consumption  of  oxygen  and  production  of 
carbon  dioxide  goes  on  as  in  animals,  only  with  less  rapidity,  an  action  i 
which  is  in  a  general  way  a  reversal  of  this  takes  place  at  the  same 
time.  The  chloropbyl  and  protoplasm  in  the  leaves  of  the  plant  have 
the  power  of  taking  up  carbon  dioxide.  Part  of  the  oxygen  is  restored 
to  the  air,  and  the  rest  of  the  substance,  including  all  the  carbon,  is 
used  by  the  jdaut  as  food.  Tliis  operation  goes  on  only  in  suulight 
(see  below).  The  details  of  the  chemical  changes  are  not  thoroughly 
imderstood,  but  the  various  chemical  compounds  which  plants  con- 
struct in  large  quantities,  of  which,  sugar,  starch,  and  cellulose  are 
prominent  examples,  are  built  up  as  the  result  of  this  action.  In  a 
rough  fashion,  and  disregarding  the  steps  by  which  the  process  takes 
place,  we  may  represent  the  chemical  change  by  means  of  the  thermol 
chemical  equation : 

6C0,  +  5H,0  ->  C,H„0,  -J-  60j  -  671,000  calories. 

Since  the  production  of  carbon  dioxide  by  the  combustion  of  any 
organic  compound  gives  out  heat,  the  partial  reversal  of  this  combua- , 
tion,  of  which  the  green  parts  of  the  plant  are  the  scene,  requires  the( 
expenditure  of  energy,  and  the  source  of  this  energy  is  to  be  found  in  the 
sunlight.  The  difference  in  total  energy  between  water  and  carbon 
dioxide,  on  the  one  hand,  and  the  cellulose,  starch,  or  sugar  and  free 
oxygen  on  the  other,  is  very  considerable.  The  above  figures  indicate 
roughly  (p.  79}  this  difference  (=the  amount  of  energy  stored)  for 
cellulose,  and  the  values  for  the  other  compounds  are  of  the  same 
order. 

The  importance  of  this  remarkable  endothermal  action,  involving 
the  storing  of  the  energy  of  sunlight,  is  very  great.  Aside  from  a 
little  work  done  by  water-power,  the  whole  energy  used  by  man  and 
by  animals  comes  from  the  reversal  of  it.  The  compounds  forming 
the  structure  of  the  plant  are  employed  in  several  different  ways  for 
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this  purpoae.  When  consumed  by  herbivora  as  food,  the  chemical 
changrea  which  they  undergo  furnish  the  energ^y  necessary  for  tlie  con- 
tinued life  of  the  organism.  The  wbole  of  the  material  is  not  at  once 
reduced  to  the  atate  of  carbon  dioxide,  but  yiasses  into  other  forma  of 
combination,  which  in  turn  become  tho  food  of  the  camivora,  or  flesh- 
eating  animals.  By  the  oxidation  to  carbon  dioxide  which  takes  place 
in  the  bodies  of  these  animals,  the  process  of  exhausting  the  possible 
energy  of  the  carbon  compounds  is  completed. 

In  another  fashion  we  secure  energy  from  the  materials  of  plants 
by  burinng  wood  and  employing  the  heat  thus  produced.  In  still 
another  fashion,  alter  the  wood  has  undergone  partial  decay  and 
conversion  into  coal,  we  secure  the  remaining  energy  which  this  con- 
taias  by  its  final  combustion  in  the  furnace  of  the  steam-engine. 

It  ahould  bo  noted  that  the  energy  In  the  Uust  case  is  not  stored  exclusively  in  tbe 
coal,  but  is  shared  between  oai'boii  and  tho  oxygen  of  tbe  air.  If  our  attnospbere 
coiiaisted  of  compounds  of  carbon,  then  tbe  maMrial  corTespondin);  to  stores  of  coal 
woidd  have  to  be  oxygen  or  componiida  of  oxygen,  and  we  Bhnuld  be  likely  then 
to  speak  of  tbe  energy  as  being  stored  for  \m  and  sold  in  tbe  forni  of  oxygen.  That 
we  are  in  tbe  babil  of  speaking  of  it,  at  present,  as  going  witb  tbe  carbon  is  because 
the  oxygen  of  ihe  air  is  supplied  free  of  charge,  while  the  coal  and  wood  have 
to  be  ptutshased. 


Photoehent leal  Action,  —  We  have  seen  that  light  may  simply 
act  catalytically,  as  on  a  mixture  of  hydrogen  and  chlorine  (p.  174)  or 
an  aqueous  solution  of  hypochlorous  acid  (p.  268).  These  actions  in- 
Tolve  the  Hteration  of  energy  and  go  on  spontaueously  {tf.  \i.  271)  under 
proper  conditions.  Oii  the  other  hand,  light  may  actually  be  consumed 
in  large  amount  in  producing  a  chemical  change,  aa  in  decomposing 
silver  chloride  (p.  14),  or  in  the  above  iustancjj.  All  wave  lengths 
of  light,  which  is  the  same  as  to  say  all  colors  of  light,  are  not  eqiaally 
active  in  any  one  case.  But  there  is  no  particular  set  of  wave  lengths 
which  is  of  special  chemical  atitifity.  In  the  action  on  silver  chloride, 
green  and  blue  light  is  veiy  active,  while  red  is  almost  without  effect. 
Here,  in  the  actions  in  which  chlorophyl  is  concerned,  it  is  the  red 
and  yellow  light  that  produces  the  chemical  change,  and  a  plant  ex- 
posed to  blue  light  {e.g.,  by  shatling  with  blue  glass)  will  assimilate 
none  of  the  carbon  dioxide  in  the  air  surrounding  it.  The  chemical 
substances  in  the  retina  of  the  eye  seem  to  resemble  those  in  the  leaves 
of  plants,  for  they  are  most  afifected  by  re«l  and  yellow  light.  To  put 
tliis  another  way,  a  spectrum  of  \miform  intensity  throughout,  when 
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viewed  by  a  plant  or  a  human  eye,  would  appear  to  be  brightest  in 
the  red  and  yellow  portions,  while  a  considerable  stretch  towards  the 
blue  extremity  would  actually  be  invisible.  On  the  other  hand,  to  an 
eye  in  which  the  active  substance  was  silver  chloride,  if  such  an  eye 
could  be  imagined  as  existing,  the  red  end  would  be  invisible  and  the 
blae  and  ultra^ violet  would  be  the  most  brilliant  parts. 

Carbon  Monoxidb. 

Preparation,  — Carbon  monoxide  is  foiyued  in  many  industrial 
operations.     We  commonly  observe  the  blue  flame  of  burning  carbon  i 
monoxide  playing  on  the  surface  of  a  coal  fire.     The  gas  is  produced! 
by  the  passage  of  the  carbon  dioxide,  which  is  first  formed,  through  the 
upper  layers  of  heated  C(ml : 

CO,  +  C  ^  2C0. 

A  similar  reduction  of  carbon  dioxide  is  produced  by  metala  such  as 
zinc,  when  a  moderate  heat  is  applied  : 

CO,  +  Zn  -►  ZnO  +  CO. 

On  a  large  scale,  a  mixture  of  carbon  monoxide  and  hydrogen  is 
prepared  as  the  basis  of  -water  gas.  Steam  is  turned  into  an  iron 
cylinder  lined  with  fire  clay  and  filled  with  vigorously  burning  coke: 

C  +  H,0-+CO  +  Hr 

The  products  are  both  combustible,  and,  by  the  addition  of  Bubstances 
which  burn  with  a  luminous  flame,  the  mixture  ia  used  for  the  manu> 
facture  of  illuminating-gas  (y-i-',). 

In  the  laboratory,  carbon  monoxide  is  frequently  obtained  by  heat- 
ing oxalic  acid,  a  solid,  white,  crystalline  substance,  with  concentrated 
sulphuric  acid.  The  latter  is  here  employed  simply  as  a  dehydrating 
agent  (p.  38S)>  so  that  it  need  not  be  included  in  the  equation : 

H,C,0|  -^  CO,  +  CO  +  H,0. 

To  obtain  pure  carbon  monoxide  from  this  mixture  it  is  necessary  to 
remove  the  carbon  dioxide  and  to  dry  the  gas.  The  carbon  dioxide 
may  be  absorbed  by  passing  the  gas  through  a  concentrated  solution 
of  potassium  hydroxide.  By  treatment  of  formic  acid,  or  sodium  for- 
mate, with  sulphuric  acid,  the  presence  of  the  carbon  dioxide  may  be 

avoided: 

HCHOj-i-CO-l-HjO. 
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Physical  Pmpertiet. —  Carbon  monoiitle  is  a.  colorless,  tasteless, 
odorless  gas.  It  is  very  slightly  soluble  in  water.  Its  density  is 
almost  the  same  as  that  of  air,  for  the  G.M.V,  weighs  28  g.  When 
liquefied  it  boils  at  -190°. 


I 


Chemicnl  Pi't>pei'tie».  —  All  the  chemical  properties  of  carbon 
monoxide  are  referable  to  the  fact  that  in  it  the  element  of  carboii 
appears  to  be  bivalent :  C  =  0.  The  compound  is  m  fact  unsaturated, 
and  combines  with  o.vy^en,  chlorine,  and  other  substances  directly. 
Tlius  the  gas  burns  in  the  air,  uniting  with  oxygen  to  form  carbon 
dioxide.  Again,  iron  (q.v.)  is  mtuiufactured  by  the  reduction  of  the 
oxide  of  iron  by  gaseous  carbon  inonoKide  in  the  blast  furnace : 

Fe,Os  +  SCO  4^  2Fe  +  SCO,. 

In  sunlight  carbon  monoxide  unites  directly  with  chlorine  to  form 
carbonyl  chloride  COCU,  It  is  absorbed  by  a  solution  of  cuprous 
chloride  in  hydrochloric  acid  or  ammonium  hydroxide,  forming  a  com- 
pound whose  composition  is  probably  represented  by  the  formnla 
Cu,Cl^CO,2HjO.  It  unites  directly  with  certain  metals,  notably  nickel 
and  iron,  with  which  it  forms  the  so-called  nickel  carl>onyl  and  iron  car- 
bonyl, respectively.    The  former  is  a  colorless,  volatile  liquid  Ki{CO)<. 

The  gas  is  an  active  poisou.  When  inhaled  it  unites  with  the 
haemoglobin  of  the  blood  to  the  exclusion  of  the  oxygen  or  oarbou 
dioxide,  each  of  which  forms  less  stable  compounds  (ef,  p.  432).  A 
quantity  equivalent  tti  about  10  c.c,  of  the  gas  per  kilo,  weight  of  the 
auinml  is  suflicieut  to  produce  death,  about  one-third  of  the  whole 
heemoglobin  having  entered  permanently  into  oombination  with  carbon 
monoxide. 

Tbe  quant  iMen  of  hea,t  gireu  out,  by  the  successive  anioiu  of  two  units  of  oxy< 
gen  with  one  unit  of  carbon  are  worth  recording  : 

C  -f  0    — »  CO  -h  2830  calories, 
00  +  O  -^  00,-1-  0880  calories. 

It  will  be  se«R  that  the  acMltion  of  the  second  atom  of  oxy^cen  appears  to  cause  tbe 
evolution  of  a  very  uiucli  lari^r  auiount  of  hent  than  does  that  of  the  Urst,  It 
nnist  be  reniernbered,  however,  that  the  cnrhon  monoxide  is  gnseous.  while  the 
carhou  in  the  first  equation  is  soVul,  and  probably  in  a  condition  of  complex  molec- 
nlar  aggregation.  The  heats  pro«lticed  by  the  unions  of  tbe  two  units  are  probably 
not  very  different,  but  in  tbe  lirst  case  a  large  amount  of  the  heat  is  used  up  in 
disintegrating  tbe  carlton  and  bringing  it  into  the  gasei^as  condition. 
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Cnrbonffl  Chlofitle,  —  This  substance  is  also  named  phosgen« 
(Gk.  ^Sv,  light ;  ytvvav,  to  produce),  on  account  of  its  formation  by  the 
catalytic  influence  of  sunlight  (p.  484).  On  a  commercial  scale  it  is 
obtained  by  parsing  the  mixed  carbon  monoxide  and  chlorine  over 
animal  charcoal,  which  assists  the  nnion  catalytically.  It  is  a  liquid 
which  boils  at  8°,  possesses  a  suffocating  odor,  and  is  very  soluble  in 
Ijenzene  and  some  other  hj'drocarbons.  When  brought  into  contact 
with  water  it  is  hydrolyzed  at  once,  forming  carbonic  acid  and  hydro- 
chloric acid : 

COCl,  +  2H,0  -» IljCO,  +  2HCL 

Urea,  —  When  ammonia  and  carbonyl  chloride  are  mixed  in  the 
proper  proportions,  urea,  a  most  interesting  chemical   substance,  iBJ 
produced : 

CI         H-NHj  KH, 

0=0^        +  -*0  =  Cf  +2HC1 


CI 


H-NH, 


"^NH, 


Excess  of  ammonia  has  to  be  used  to  combine  with  the  hydrogen 
chloride  thus  set  free,  so  that  the  tinal  equation  is  : 

COCl,  +  4NH,  -»  CO(NH,),  +  SNH^Cl. 

The  urea,  a  white,  crystalline  solid,  is  soluble  in  alcohol,  while  ammo 
nium  chloride  is  not,  so  that  the  former  may  be  washed  out  by  means  of 
this  solvent  and  recovered  by  evaporation.  A  little  reflection  will 
show  that,  using  the  above  action  as  the  final  stage,  urea  can  be  built 
up  from  the  simple  substances  composing  it. 

Urea  was  known  long  before  any  method  for  its  synthesis  had 
been  discovered.  It  is  the  chief  product  of  the  decomposition  of  com- 
pounds of  nitrogen  in  the  animal  body,  and  is  found  in  the  liquid 
excrements  of  animals.  It  was  regarded  as  a  typical  organic  substance, 
in  the  old  sense  of  the  word  (p.  473).  In  1828  W&hler  succeeded  in 
prepai'ing  it  artificially  (see  below).  This  was  the  first  synthesis  by  a 
chemist,  of  a  true  *'  organic  "  substance,  and  its  preparation  proved  to 
be  the  precursor  of  many  discoveries  of  a  similar  nature.  From  a 
later  year,  about  1840,  we  may  date  the  transition  of  organic  chem- 
istry, a  science  in  which  the  mysteiy  of  life  was  supposed  to  be 
supreme,  into  the  chemistry  of  the  compounds  of  carbon,  which  is  a 
branch  of  inorganic  cheudstry. 


WShler  used  ainmoniiim  cyanate  (,q.v.),  a  Bubatahce  lu  whose  preparation  wa 
are  independent  of  all  products  of  life  processes.  When  ammonium  cyauale,  or  a 
mixture  of  any  ammonium  salt  with  potaaaium  cyauale  in  solution  in  water,  is 
warmed  for  some  time,  an  intirtuiolecular  change  {^.  p.  15)  takes  place,  and  long 
prisms  of  uraa  are  deposited  aa  the  llituid  (woU  : 

NH^.CNO  *^  CO(NH,)r 

Since  the  action  is  reversible,  about  four  or  fire  per  cent  of  the  ammonium  cyaimta 
remains  um^banged. 

The  twit  substances  juat  mentioned  are  entirely  different  in  chemical  proper- 
ties. Ammonium  cyanate  is  ahi^'hly  ionized  salt,  while  urea  is  uot  a  mdt  at  all, 
but  a  sutistance  like  ammonia  which  unites  with  acids  to  lonu  salts.  Materials 
which,  like  these,  have  the  same  eompositiou  and  the  same  nuujbers  of  units  iu 
(heir  mniecules,  and  yet  possess  diflBreiit  properties,  are  spoken  of  lu  chemistry  as 
isomerB.  The  formulae  we  have  employ etl  attempt  to  explain  the  diflerences  in 
tliotr  properties  by  suggesting  a  difference  ia  their  molecular  Btrncture  ((/,  p.  224). 

Assisteti  by  the  catalytic  action  of  certain  ferments,  iirea,  when  dis- 
Bolved  in  water,  cau  take  up  two  molecules  of  the  solvent  to  form 
ammonium  carbonate: 


C0(NH3),  +  2H,0  ->  CNH.)j,CO,  j=i  2KH,  +  Ufi  -\-  CO,. 


Ammonium  carbonate  (q.v.)  is  a  somewhat  unstable  eompound,  and  in 
turn,  gives  off  ammonia  and  carbon  dioxide.  To  this  action  is  due  in 
part  the  pronounced  odor  of  ammonia  arising  from  the  decomposition 
of  sewage. 


H 


Carbon  l>ii>ulphlfle.  —  This  compound  is  used  in  inorganic  chem- 
istry chiefly  as  a  solvent.  It  is  made  by  direct  union  of  sulphur 
vapor  and  glowing  char(!<ial.  An  electrothermal  method  of  carrying 
this  out  employs  a  furnace  like  that  in  Fig.  90  (p,  457).  The  sub- 
stance conies  off  as  a  vapor  and  is  condensed. 

Carbon  disulphide  is  a  colorless,  highly  rcfi-acting  liquid.  When 
pure  it  possesses  a  pleasant  odor,  but  traces  of  other  compounds  give 
t!ie  commercial  article  a  disagreeable  smell.  It  boils  at  46°  and  burns 
in  air,  forming  carbon  dioxide  and  sulphui-  dioxide.  Iodine,  phos- 
phorus, sulphur,  rubber,  and  other  substances  dissolve  freely  iu  it. 


Exercises.  —  1.  To  which  of  the  factors  in  the  interaction  of  cal- 
cium carbonate  and  hydrochloric  acid  (p.  480)  is  due  the  forward  dis- 
placement of  all  the  equilibria? 

2.    AVhat  will  be  the  excess  of   pressure  inside  a  bottle  of  sodft- 
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water  when  four  volumes  of  carbon  dioxide  are  dissolved  in  one 
volume  of  water  ? 

3.  What  volume  of  liquid  carbon  dioxide,  measured  at  0',  will  be 
required  to  give  76  liters  of  the  gas  at  0°  and  760  mm.  pressure  ? 

4.  What  will  be  the  effect  of  increase  in  pressure  on  the  dissocia- 
tion of  carbon  dioxide  (p.  481)  ? 

6.   Prepare  a  diagram  showing  the  whole  scheme  of  equilibria  in- 
volved iu  the  hydrolysis  of  sodium  carbonate  (p.  482).  , 


CHAPTER   XXIX 


SOMI!   CARBON   COMPOUNDS 


The  compounds  of  carbon  with  hydrogen  are  called  hydrocarbona. 
Thoae  containing  oxygen  as  well  are  divided  into  numerous  and 
extensive  grom.)9  according  to  their  beliavior.  Thus  there  are  acid* 
like  acetic  acid,  oaj-bohydrates  like  sugar  and  starch,  alcohol*  like 
common  (ethyl)  alcohol,  esters  like  ethyl  acetate  and  fat,  etbers  like 
common  (ethyl)  ether,  and  bodies  related  to  cyanogen  like  prussic 
acid.  We  can  discuss  only  one  or  two  examples  from  each  of  the 
groups  named. 

Thr   Hvdrocabbons, 

More  than  two  hundred  and  fifty  compounds  of  carbon  and  hydro- 
gen have  been  described.  They  fall  into  several  distinct  series,  the 
chief  one  of  which  contains  methane  CHi  as  its  simplest  member. 
On  accoimt  of  the  fact  that  certain  mendiera  of  this  set  are  found  in. 
paraffin,  it  is  commonly  known  as  the  paraffin  series.  For  the  reason' 
that  in  this  series  the  carbon  has  all  its  four  valences  employed,  the 
members  are  also  called  the  satarated  hydrocarbona. 


Paraffin  Serleti  of  nydrortfrbonn.  —  The  foUowing  list  gif 

the  formula!  of  a  few  members  of  this  series,  with  their  names  and 
their  boiling-points  or  melting-points; 


methane 
ethane 
propane 
butajie 

peutane 

hexone 

beptaue 


404 


b.-p. 


35° 

99° 


Gases 


•  Iiiquida 


C,.H^ 
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liexadecane m.-p.        18°      ")  b.-p.  287.6* 


C.H„ 


poo  latriacou  taiie 


74. 


'  Solids 


C«ioH„ 


haxacontane  (dimjricyl) 


102° 


It  will  be  noted  that  the  hydrocarbons  up  to  butane  sire  gases.  From 
pentaiie  to  hexadecaue  they  arc  liciuida.  The  remainder  are  solids. 
In  composition  each  is  related  to  the  preceding  one  by  containing  the 
additional  units  011^    The  formula  of  any  nienil)er  of  the  series  is 


therefore    representable  by    the  expression  (.".H, 


Substances  re- 


lated in  this  way  form  an  bomologoua  serlen.  Their  relations  will  )x) 
more  clearly  perceived  if  we  employ  tlie  graphic  fonmihe.  Since 
hydrogen  appears  uuifoniily  to  be  univalent,  the  eacbon  niuat  forru 
the  backbone  of  each  of  the  compounds.  The  formuhe  of  the  rtrst 
members  are  therefore  as  follows : 


H 

I 
H-C-H 

I 
H 


H     H 

I       I 

H-C-C-H 

I      I 
H    H 


H    H    H 

I       I      I 

H-C-C-C-H 

I       I      I 
H    H   H 


Transferences  of  H  one  step  to  the  right  and  interpoaitious  of  CH, 
constitute,  the  successive  dift'erenees. 

A  large  numljer  of  these  substances  occur  in  nature.  Methane  is 
present  in  large,  and  ethane  in  small,  proportion  in  the  natural  gas  of 
Pennsylvania  and  Ohio.     Many  of  the  others  occur  in  petroleum. 

Petroleum.  —  This  oil  consists  of  a  mixture  of  the  li<)uiil  and 
solid  meraters  of  the  series  iu  varying  proportions,  and  is  found  in 
many  parts  of  the  United  States,  in  Ontario,  at  Baku  on  the  Caspian, 
in  India,  and  in  Japan.  In  oil-refining,  advantage  ia  taken  of  the 
differences  in  the  Iwiliug-points  to  make  a  partial  separation  of  the 
components  by  fra(;tional  distillation  (see  lielow).  The  compounds 
containing  sulphur  whicli  are  often  present,  and  would  give  the  ob- 
noxious 3ul|ilmi'  dioxide  when  the  oil  was  burned,  are  deprived  of 
this  constituent  by  heating  the  oil  with  piowdered  eupric  oxide.  The 
unsaturated  bydroi^arlxjns  ('/.«.)  arc  removed  by  agitation  with  con- 
centrated sulphuric  acid.  The  following  are  some  of  the  products  of 
the  oil  refinery,  with  their  components  and  uses. 
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Kmm«. 

CompotieDta. 

B.-P. 

Cm* 

Petroleum  ether 
GaHolene      .... 
Naplithii      .... 
Ueiizlne        .... 
Kerosene      .... 

Pentanp-hexane 
He  lean  e- h  eptiiue 
Hepiaue-octane 
Octaue-iioDaae 
Ueciuie-bexadecane 

40"-  7n» 
70°-  m" 

RF-120= 
120°-1&0° 

iw-aoo" 

Solvent,  gas-making 
fuel 

it 

lUuminatlDg'Otl 

The  portions  of  still  higher  boiling-point  are  employed  as  lubricating 
oils. 

The  vapor  of  tliese  products  is  more  inflammable  the  more  volatile 
the  comjionents.  The  sale  of  kerosene  Ls  controlled  legally  by  the  re- 
qairenioiit  that  the  vapor  it  gives  when  heated  sliall  not  catch  fire 
from  a  iiaki^d  flame  until  the  oil  has  reaehed  a  certain  mini  mum  tem- 
peniture,  the  "  flaah  point."  This  varies  from  37.7°  to  68.5°  in  different 
states  and  cotnitries. 

Uy  eoiiliiig  the  re.siduea  from  the  retorts  with  a  freezing  mixture 
(r/.  p.  164),  some  of  the  solid  members  of  the  aeries,  G^H,,  to  C^H«„ 
are  obtained  .is  white  flakes,  which  arc  separated  by  filtration  in 
presses.  Thi.s  materisd  fonns  the  paraffin  used  in  waterproofing  paper, 
in  laundry  work,  and  as  an  ingredient  in  candles.  In  some  eases 
vaseline,  consisting  of  substances  melting  at  40'-S0'',  CbH<,  to  C^Hj,, 
is  obtained  also. 

From  oxooerite,  which  is  a  sort  of  natural  paraffin,  ceresin,  a  sub- 
stitute for  beeswax,  is  maile.  Aapbalt  is  ajiother  natural  mixture  of 
hydrocarbons. 

The  formation  of  these  hydrocarbons  in  nature  is  not  yet  thor- 
oughly explained.  According  to  one  tlieory,  they  are  formed  by  the 
action  of  water  upon  carbides  of  metals  ;  while  according  to  another, 
they  result  from  the  decomposition  of  vegetable  or  animal  matter. 
Possibly  lx>th  of  these  sources  have  contributed  to  their  formation. 
Certain  differences  between  the  natural  oils  of  different  localities  point, 
at  all  events,  to  some  difference  in  their  origin. 


Fractional  TUfitillation.  —  When  t!ie  boiling-points  of  two  com- 
ponents of  a  liijuid  ai-e  very  far  apart,  the  va])or  pressure  of  the  one 
may  be  very  low  when  that  of  the  other,  by  heating,  has  reached  760 
mm.  In  tliis  case  the  first  distillate  will  contain  little  of  tlie  high- 
boiling  component.  "When,  as  in  the  case  of  petroleum,  the  differ- 
ences in  boiling-points  ate  not  great,   complete  separation    of   the 
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components  is  impossible.  Tet  by  distillation  in  whieh  the  distillate 
is  eaught,  not  in  one  vessel,  but  in  several  successively,  "  fractions  " 
are  obtained  such  that  the  earlier  ones  contain  more  of  the  low-boiling 
and  the  later  ones  more  of  the  high-boiling  materials.  The  vessels 
ai'e  changed  when  the  thermometer  immersed  in  the  vapor  (Fig.  16, 
p.  38)  reaches  certain  temperatures.  Wlien  these  fractions  are  then 
distilled  one  at  a  time,  beginning  with  the  lowest,  and  the  several  dis- 
tillates are  divided  from  one  another  by  the  same  temperatnres  as 
before,  a  more  complete  sepai'ation  is  effected.  This  process  is  called 
fractional  dlstiUatton,  and  may  be  repeated  as  often  as  we  please  with 
constantly  increasing  differentiation  of  the  fractions. 

An  experimental  illustration  may  be  given  by  mixing  0.4  c.c.  of 
benzene  (li.-p.  80.4°)  with  8  c.c.  formic  acid  (b.-p.  10<)°)  and  2  c.c. 
benzyl  alcohol  (b,-p.  206.5')  and  boiling  a  part  of  the  mixture  in  a 
test-tute  with  a  small  flame.  The  components  come  off  in  succession, 
and  are  recognised  by  the  fact  that  the  iirst  and  last  burn  with  a 
luminous  flame,  while  the  flame  of  the  second  is  non-luminous.  By 
passing  the  vapors  into  a  condenser,  and  using  the  method  described 
above,  a  more  or  less  complete  separation  can  be  made. 

General  Properties  of  Hi/drocarbona,  —  All  these  substances 
are  extremely  iudiiferent  in  their  chemical  behavior.  They  have 
none  of  the  properties  of  acids,  bases,  or  salts.  The  halogens,  notably 
chlorine  and  bromine,  however,  interact  with  them  (see  below).  When 
burned  they  all  produce  carbon  dioxide  and  water.  When  their 
vapors  are  passed  through  a  white-hot  tube  they  suffer  decomposition 
into  a  mixture  of  hydrogen  and  hydrocarbons  of  smaller  or  larger 
(see  Benzene)  molecular  weight. 


4 


Methane.  —  Methane,  otherwise  known  as  margh-gfis,  is  the 
chief  component  of  natural  gas.  It  rises  to  the  surface  when  the 
bottoms  of  marshy  pools  are  disturbed,  and  issues  from  seams  in  coal 
beds.  In  these  two  cases  it  results  from  the  decomposition  of  vege- 
table matter  in  absence  of  air.  When  methane  enters  mines  from 
a  coal  seam  it  is  called  "  fire-damp  "  (Ger.  Damp/,  vapor),  on  ac- 
count of  the  explosive  nature  of  the  mixture  it  forms  with  the  air. 
The  carbon  dioxide  formed  by  the  explosion  is  called  by  the  miners 
«  choke-damp." 

Methane  may  be  made  from  inorganic  materials  by  the  action  of 
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water  upon  aluminium  carbide,  prepared  by  the  iuteraction  of  alumi- 
nium oxide  and  cavl><)n  in  the  electric  furnace  (ef.  p.  478): 


Al/.', 


4A1(0H),  +  3CH,. 


Sin  the  laboratory  the  gas  is  commonly  obtained  by  the  distillation 


NaC,H,0,  +  NaOH  -^  Na,CO,  +  CH,. 

When  a  mixture  of  methane  and  chlorine  is  exposed  to  Bunlight 
several  changes  occur  in  succession  (c/.  pp.  176,  214)  : 


CH,  +  CI,  -*  CH,Cl  +  HCl, 
CH,C1  +  Clj  ^  CH,01,  +  HCl, 
CHjCl,  +  CI,  ^  CHCl,'  +  HCl, 
CHCl,  +  CI,-*  ecu  +HC1. 

This  kind  of  interaction  with  the  halogens  is  characteristic  of  com- 
pounds of  hydrogen  and  carbon.  It  takes  place  slowly,  and  is  there- 
Fore  entirely  different  from  ionic  chemical  change.  It  consists  in  a 
progressive  sitltstitutioH  of  chlorine  for  hydrogen,  unit  by  unit.  The 
various  groups  which,  in  the  first  three  of  these  products,  are  asso- 
ciated with  chlorine,  occur  in  many  organic  compounds,  and  receive 
the  names  methyl  (CH,  — ),  methylene  (rHi=),  and  niethenyl  (CH  =  ). 
The  compounds  are  known,  therefore,  as  methyl  chloride,  methylene 
ctloride,  methenyl  chloride  {chloroform),  and  carbon  tetrachloride. 
The  last  two  are  volatile  liquids,  oblorofonn  being  the  only  one  of  the 
four  which  is  a  familiar  substance.  The  corresponding  iodine  deriva^ 
tive  Iodoform  CHI,  is  a  common  antiseptic.  These  substances  are  not 
salts,  and  are  not  ionized  in  solution.  They  are  very  slowly  hydro-^ 
lyzed  by  water, — -carbon  tetrachloride,  for  example,  giving  carbonic  acidl 
and  hydrochloric  acid.  Although  carbon  is  a  non-metal  (ef.  p.  405),} 
tills  action  requires  a  high  temperature. 

fPi'fftinic  RfuUcatfi.  • — In  carbon  chemistry  there  are  groups  of 
units  which  pass  unaltered  from  compound  to  compound  and  receive 
the  name  organic  radical!.  They  usually  lack  a  propertj'  which  inor- 
ganic radicals  generally  possess,  namely,  the  power  to  form  ions  (p.312). 
Methyl  is  such  a  radical,  l)eing  found  in  methane  CH,.H,  methyl  chloride^ 
CH,.C1,  methyl  alcohol  CH,.OH,  and  acetic  acid  CH,.CO,H.  Similarly 
we  have  ethyl  C,Hj  in  ethane  C,H,,H  and  in  ethyl  alcohol  C,H4.0H. 
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Methyl,  ethyl,  and  propyl  (C|,H,— )  are  univalent  radicals.  We  have 
also  ethylene  C^H,  —  ,  propylene  C\H|,  =  ,  and  so  forth,  which  are  biva- 
lent. Groups  lite  NO,'  (p.  441),  NH,'  (p.  487),  CH.CO",  and  many 
more,  are  other  non-ionized  radicals  found  in  organic  compounds  (see 
Acetic  acid,  below). 

Ethfflene.  —  In  addition  to  the  parafBn  aeries  there  are  several 
other  homologous  series  (p.  491)  of  hydrotjarbons.  Ethylene  CjH^  is 
the  first  member  of  the  second  series.  It  corresponds  to  ethane,  but 
contains  in  each  molecule  two  hj'drogeu  units  less  than  does  this 
substance.  The  general  formula  for  this  series  ia  C,H^.  As  we  shall 
see,  ethylene  and  the  memters  of  the  ethylene  series  are  thus  all  un- 
saturated, possessing  two  free  valences, 

Etliyleae  is  most  easily  made  by  heating  common  alcohol,  which 
is  ethyl  alcohol,  with  concentrated  sulphuric  acid : 


The  action  really  takes  place  in  two  distinct  stages,  and  the  interme- 
diate product  can  be  isolated.  Firat,  ethyl  sulphate  (cf.  p.  441)  is 
formed,  C,H,OH  +  H,SO«iri  C^H^HSO^ +  H3O.  Above  160°,  how- 
ever, this  substance,  which  is  a  thick  syrup,  is  dissociated,  giving 
ethylene  and  sulphuric  acid,  CjHjHSO^  -»  CjHi  +  HjSO^.  A  compari- 
son of  the  structural  formulte  of  the  alcohol  and  ethylene  shows  that 
this  loss  of  water  must  leave  the  cai'bou  partly  uusaturated  : 


I 


H    H 

I      I 

H-C-C-0- 

I      I 
H    H 


H 


H   H 

H    H 

H-C-C-H 

1      I 

or 

H-C=C-H 

- 


The  water  may  also  be  removed  by  allowing  alcohol  to  fall  drop  by 
drop  on  heated  phosphoric  anhydride.  The  solid  phosphoric  acid  re- 
mains tjchind  and  ethylene  escapes. 

Ethylene  is  formed  along  with  acetylene  and  other  substances, 
when  any  saturated  hydrocarljou  is  heated  strongly.  Even  methane 
gives  it: 

2CH«  -►  C,H,  -f-  2Hr 

Ethylene  is  a  gas,  which,  when  liquefied,  boils  at  — 105°.  Its  critical 
temperature  is  130°.  At  0°  it  may  be  litjuefied  by  a  pressure  of  42 
atmospheres.     It  bums  in  the  air  with  a  flame  which,  oa  a,Gcount  of 
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the  great  separation  of  free  carbon  which  takes  place  temporarily  dur- 
ing the  combustion  {<]/'.  Flame),  is  liigiily  luminous.  It  will  be  seen 
that  in  the  formula  but  thme  uf  the  valences  uf  (.'ach  wirbou  unit  are 
occupied.  As  carbon  is  either  bivalent  or  quadrivalent,  we  should 
expect  tliat  in  this  eoiuiiound  the  combining  capacity  of  the  carbon 
would  not  be  comjiletely  aatisfieil.  We  find  this  to  be  the  ease.  Ethy- 
lene is  easily  reduced  by  naseent  hydrogen  (p.  42.'J)  to  ethane,  taking 
np  two  units  of  hydrogen  in  the  process.  When  etbj'lene  is  passed 
through  liquid  bromine  it  is  rapidly  abaorbeii,  and  the  bromine  seems  to 
increase  in  volume  and  finally  loses  all  its  color,  leaving  a  transparent 
liquid  having  the  composition  C'jlI^Brj,  ethylene  bromide.  The  second 
of  the  above  graphic  forraulte  for  ethylene  is  the  one  generally  used. 
In  spite  of  apjjearances,  it  is  not  intended  to  indicate  that  the  two 
units  of  carbon  are  more  forcibly  held  together  tlum  in  other  com- 
pounds {/•/.  i».  lfl(>).  It  simply  chronicles  the  fact  that  one  valence 
of  each  carbon  unit  is  unoccupied, 


Acetffl€H€,  — This  substance,  likewise  a  gas,  is  the  first  member  of 
still  another  unsatui'ated,  homologous  series.  Its  formula  (IjHj  shows 
that  its  molecule  hicks  four  of  the  hydrogen  units  ne<iessai'y  to  the  com- 
plete saturation  which  we  find  in  etlianc.  Graphically  its  structure  is 
usually  represented  thus:  H  — CsC— H.  This  gas  is  formed  in 
small  quantities  by  direct  union  of  carlxm  and  hydrogen  in  the  electric 
arc  (p.  478).  It  is  ahso  protluced  wheu  ethylene  is  passed  through 
a  heated  tulw  :  C^H^— •('jH,  -|-  11, {c/.  Flame).  When  calcium  carbide 
(p.  478)  is  thrown  into  water,  violent  effervescence  occurs,  the  calcium 
carbide  is  di.'<integrated,  a  precipitate  of  calcium  hydroxide  is  formed, 
and  acetylene  passes  off  as  a  gas  : 


CaC;,  -I-  2HsO  ^(^a(OH),  +  0,11^ 


This  action  is  like  that  of  water  on  calcium  phosphide  (p.  461),  calciuni 
sulphide  (p.  37(5),  and  magnesium  nitride  (p.  417). 

Acetylene  bums  with  a  flame  which  is  still  more  luminous  than 
that  of  ethylene.  Its  most  characteristic  property  is  that  when  passed 
through  an  amnioniacal  solution  of  a  cuprous  salt,  it  yields  a  red  pre- 
cipitate of  a  carbide  of  copper  known  na  copper  acetylene.  The 
equation  :  Cu^COII)^  +  f",IT,  -♦  Vn./\  +  2Hj(J,  partially  represents  the 
change.  This  red  precipitate,  when  dried,  is  extremely  explosive,  on 
account  of  the  great  amount  of  energy  set  free  when  it  breaks  up  into 
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its  constihients.     Its  formation  is  used  as  a  test  for  acetylene  in  mix- 
tures of  gases, 

Acetylene  may  be  handled  safely  as  a  gas  at  the  ordinary  pressure, 
but  when  contained  in  cylinders  at  more  than  two  atmospheres  pressure 
it  is  readily  exploded  by  any  shock.  This  is  due  to  the  fact  that  it  is  ail 
endotbermal  compound : 

CjH,  -» 2C  +  H,  H-  63,200  calories. 

When  used  as  an  illuminant,  it  is  developed  in  a  suitable  generator  aa 
it  is  needed.     It  begins  visibly  to  decompose  at  780°, 

Tlie  unsaturated  nature  of  this  substance  is  shown  by  the  avidity 
with  whinh  it  unites  with  hydrogen  and  the  halogens,  forming  satu- 
rated compounds. 


i 


Benzene.  —  Limits  of  space  forbid  the  discussion  of  any  of  the  other 
aeries  of  hydrocarbons.  One  of  the  most  important  has  not  l>een  men- 
tioned, however.  It  is  that  of  which  the  ttrst  member  b  benzene,  C,Hj. 
More  than  half  of  the  known  couipouuds  of  carbon  are  derived  from 
this  substance.  Plienol  {cf.  p.  441)  C^Hjt-lH  is  the  fundamental  alcohol 
of  this  set.  Benzene  is  obtained  from  tlie  products  of  the  dry  distiUa^ 
tion  of  coal  («"/,  Coal  gas),  being  formed,  probably,  from  tlie  acetylene, 
which  the  dei^omposition  of  other  hydrocarl>ons  yields.  At  all  events, 
when  acetylene  is  passed  through  a  heated  tube  some  benzene  is  pro- 
duced, 3C,H,  — » C»H„  along  with  free  carbon  a,nd  hydrogen. 

The  Acids  oi-  Cakbon. 

Formic  Acid.  —  The  removal  of  water  from  formic  acid  produces 
carbon  monoxide  (p.  485).  Although  we  cannot  reverse  the  piooesa 
and  cause  carbon  monoxide  to  combine  with  water,  we  can  make  it 
unite  with  bases.  By  passing  carbon  monoxide  over  hot  sodium 
hydroxide,  we  obtain  sodium  formate,  from  which  formic  acid  may  be 
liberated  by  double  decomposition  with  another  acid : 

CO  -I-  KaOH  ~*  CHO(ONa), 

This  acid  is  secreted  by  red  ant^,  and  is  found  in  stinging  nettles.  It 
i&  a  liquid  boiling  at  100.1°  and  freezing  at  8.6°.  Although  one  of  the 
weaker  acids,  it  is  much  more  active  than  acetic  acid.  The  molecule 
contains  two  atoms  of  hydrt^n,  but  the  acid  is,  in  fact,  monobasic. 
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The  9t.ruct.nr.al  formula  of  the  acid  must  take   account  of  this  (act. 
Three  possibilitiea  present  themselves ; 

.0-H  n  H. 


0-H 


H 


O 
II 
-C-O-H 


H 


I 


In  the  first  and  last  the  hydrogen  units  should  hehave  alike.  The 
second  formula  is  the  only  one  which  expresses  the  replaceability  of 
one  \init  and  not  of  the  other  by  a  metal.  Since  tlie  hydrogen  in 
methane  is  not  replaceable  by  metals  (p.  49.'i),  we  infer  that  the  unit 
directly  conibinetl  with  carbon  is  the  non-replaceahle  one.  Sodium 
formate  is  therefore 

0 

U  _  (J  _  O-Na. 

Acetic  Aelil,  —  This  acid  is  produced  in  the  dry  distillation  of 
wood*  (p.  47f>),  Large  quantities  of  it  are  manufactured  from  dilute 
alcohol.  The  Uijuid  is  allowed  t,o  flow  in  a  slow  sti-eara  through  a, 
baiTel  filled  with  shavings.  Holes  in  the  birrel  provide'  for  the  access 
of  air,  and  a  bacterium  with  which  the  shavings  aj-e  infected  promotes 
that  oxidation  of  the  alcohol  in  which  the  change  essentially  consists : 

CjHjOH  +  0,  -*  C,H,0(OH)  +  H,0. 

Oxygen  alone  does  not  affect  alcohol  in  the  cold.  The  bacterium  {B. 
aeeti,  *'  mother-of-vinegar  "  )  assists  this  action,  as  lower  organisms  are 
found  to  assist  many  chemical  actions,  in  a  way  which  ia  not  as  yet 
thoroughly  understood,  and  which  may  be  descrited  roughly  aa 
catalytic  (see  Fermentation,  p,  501). 

The  dilute  solution  of  acetic  acid  produced  in  this  manner  contains 
from  five  to  thirteen  per  cent  of  acetic  acid,  and  is  known  as  vtnsgar. 
By  fractional  distillation  the  solution  may  be  concentrated  until  a  little 
water  only  remains,  and  finally,  by  freezing  (cf.  p.  294),  the  acetic  acid 
may  be  crystallized  out.  I'ure  acetic  acid,  in  consequence  of  its 
freezing  readily  in  cold  weather,  is  known  as  "glacial"  acetic  acid.  It 
melts  at  16.7°  and  boils  at  US". 

Although  four  atoms  of  hydrogen  are  contained  in  its  molecule, 
but  one  of  these  ia  replaceable  by  metals.  This  fact  is  recognized  in 
the  constitutional  formula  (p.  391)  of  the  acid,  CH,CO(OH),     In  thia 

■  Ttie  dry  diBtilliition  of  bonea  (p.  4i)&),  on  the  other  hand,  and  of  animal  iiiat~ 
ler  (p.  417)  in  geaeral,  gives  alkaline  Itquldt),  because  of  the  ammonia  that  Ib  formed. 
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acid  a,  radical,  methjl  (CHj— ),  takes  the  place  of  H  in  formic  acid. 
The  other  orgauio  acida  similarly  are  related  to  formic  acid  and  con- 
tain  other  organic  radicals   (see  Palmitic   acid).     Thus  the  group 
0 

II 
—  C— 0  — H,  called  carboxyl,  is  contained  in  all  carbon  acids,  and  in 

each  of  them,  as  iu  formic  acid,  bears  the  replaceable  hydrogen  unit. 

The  other  three  hydrogen  units  in  acetic  acid,  however,  are  replaceable 

by  chlorine,  as  is  the  case  with  the  hydi'ogen  units  in  tiydrocarbons. 

The  above  brief  statemenU!  in  regard  to  the  mode  of  expressing  the  cheiaical 
properties  of  a  substance  by  an  elaborated  formula  bring  oat  a  tendency  which 
previiils  iu  tUe  behavior  of  organit!  substances  and  is  iilmost  entirely  lacking  in 
inorgiuiic  cheiuistiy.  The  utiiui  may  bo  removed  from  ctie  mrjiccule  of  an  organic 
fliibstaiice  one  by  one,  and  other  units  or  groups  may  be  Hubtitituted  for  them  with- 
out (liijlui'biNg  the  refit  of  the  molecule,  'fhe  changes  take  place,  not  as  in  the  caw 
of  ionized  substancea,  by  the  aptitUng  of  tlie  molecule  into  two  or  mor«  groups  which 
act  as  wholes,  but  by  the  displacement  of  the  units  piecemeal  and  the  introduction 
of  uew  properties  according  to  the  nature  of  the  groups  introduced.  Thus,  if  by  any 

O 
D 
mt'!ii:s  we  replace  an  atom  of  hydrogen  by  the  organic  radical— C—O  —  H  the  prod- 
uct ia  an  acid.  If  we  replace  it  nimpiy  by  the  group  OH  the  product  is  an  alcohol. 
Each  substitution  may  lake  place  repeatedly  in  a  given  molecule,  eo  that  di-baaic 
or  tri-ba«ic  acida,  di-hydric  or  tri-hydiic  alcohols  (see  Glycerine],  or  subBtancea 
which  contain  both  Off  and  — COOII  in  the  same  molecule  (like  lactic  acid  and  tar- 
taric acid),  are  formed.  Other  groups  which  may  be  introduced  or  removed  are 
— NIt„  — NOj,  — CN,  etc.,  each  of  which  confers  upon  a  aubstance  the  properties 
which  go  with  the  group,  irrespective  of  the  other  features  which  the  structure  of 
the  substance  may  already  present. 

Oxalic  Acid.  —  This  acid  has  the  composition  H^CjOj,  and  is  di- 
basic. Its  calcium  salt  is  the  least  soluble  of  the  salts  of  calcium,  and 
Is  fotind  in  many  plant^s  in  the  form  of  bundles  of  ne«dle-shaped  crys- 
tals. Potassium  hydrogen  oxalate  is  found  in  the  juices  of  various 
spetties  of  vxalis.  The  acid  may  be  made  by  oxidation  of  sugar  with 
nitric  acid. 

Oxalic  acid  is  commonly  used  in  the  form  of  the  white  crystalline 
hydrate,  HjC^O,,  2H^0,  When  heated  carefully  it  sublimes  unchanged. 
Stronger  heating  decomposes  it  into  carbon  dioxide  and  formic  acid, 
and  the  latter  breaks  up,  in  part,  iuto  water  and  carbon  monoxide.  In 
the  presence  of  dehydrating  agents  like  sulphuric  acid,  water  and  the 
two  oxides  of  carbon  alone  are  formed  (p.  485), 
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Carbohi/drtiteH.  —  The  various  kinds  of  sugar,  starch,  and  celltt 
lose  form  a  flusely  reliitcd  group  of  substances.  As  it  bappena  that 
the  proportion  of  hydrogen  to  oxygen  in  the  composition  of  most  of 
tliem  is  the  same  as  that  of  these  elements  in  water,  they  are  known 
by  the  name  of  carbofq/drutrs.  None  of  these  aiibetances  show  any 
distinct  evidence  of  ionization. 

Destttose.  otherwise  known  as  glucose  or  grape-sugar,  is  a  wliite 
ci^staUino  substance  haying  the  composition  C|,H,jO,.  It  is  found 
dissolved  in  the  juices  of  sweet  fruits,  such  as  grapes. 

The  mo.st  f.iiiiiliar  sugar  is  cane-sugar  C,,H„.,0,,,  which  may  form 
as  much  as  18  per  cent  by  weight  of  tlie  juices  pressed  from  the 
sugar-cane,  and  sometimes  reaches  15  per  cent  of  the  fluid  material  in 
the  sugar-beet.  It  is  prepared  by  boiling  the  juices  with  animal  char- 
coal (p.  47f>).  to  remove  the  coloring  matter  whit'h  would  otherwise 
give  the  sugar  a  brown  tint.  The  liquid  is  then  concentrated  until 
crystals  apjiear.  The  mother-litnior  which  no  longer  deposits  crystals 
is  known  as  wolasges. 

When  a  solution  of  cane-sugar  is  boiled  with  water  containing  a 
small  amount  of  any  acid,  a  slow  hydrolysis  of  the  sugjir  takes  place, 
whereby  two  other  sugars,  namely,  dextrose  and  levulose,  are  produced  : 
C„HaOii  -I-  H/>->  (.',H,J)„  +  C«H,J\.  Tlie  action  of  the  acid  is  cata- 
lytic, aud  the  rate  of  this  luortj  or  less  leisurely  chemical  change 
depends  upon  the  concentration  of  the  hydrogen  ions.  It  therefore 
furnishes  one  means  of  comparing  acids  as  regards  their  chemical 
activity,  and  has  the  special  advantage  that  the  acid  is  not  consumed 
during  the  process  {rf.  p.  S6C),  but  remains  of  constant  concentration 
throughout  the  whole  time.  This  process,  by  which  cane-sugar  is 
decomposed,  is  spoken  of  as  Inversion,  aud  the  muced  ])roduet  is  called 
invort-siigar.  The  changt)  can  be  produced,  not  alone  by  acids,  but 
also  by  certain  complex  chemical  compounds  secreted  by  yeast  (see 
below). 

The  relation  of  stau-ch  to  the  sugars  is  seen,  not  only  in  the  formula 
(CgHjjOj)^  but  in  the  fact  that  by  boiling  starch  witli  dilote  acids, 
dextrose  is  formed  along  with  other  products  of  the  hydrolysis,  Com- 
mercial "glucose"'  is  made  by  this  pi-ocess.  Starch  is  an  insoluble 
white  substance  which  is  found  in  the  form  of  fiue  particles  in  the 
fruit  and  other  parts  of  plants. 

Cellulose  has  the  same  composition  as  starch.     It  forms  the  frame- 


SOME   CAIiBON   COMPOUNDS 


501 


work  of  the  cells  of  plants.  In  many  cases  it  is  overlaid  with  a  con- 
siderable thickness  of  liguiu,  which  in  papev-makitig  is  removed  hy 
boiling  the  wood  with  sodium  hydroxide  or  caJeium  bisulphite  solu- 
tion (p.  476).  When  the  product  has  been  waslie<l  thoroughly  with 
water,  almost  pure  cellulose  remain*.  Matted  cellulose  in  thin  sheets 
forms  the  basis  of  paper,  and  tilter  paijer  contains  notbing  else  (see 
imder  Aluniiuiiua  sulphate).  Other  forms  of  pure  cellulose  are  known 
as  cotton,  linen,  and  jute,  accoriUng  to  tiieir  sources.  Although  the 
chemical  composition  of  tliese  varieties  is  identical,  the  physical  prop- 
erties vai'v  considerably. 

FermeututioH. —  This  is  the  name  given  to  a  number  of  (lifTerent 
chemical  changes,  brcmght  about  by  catalytic  action  of  complex  chemi- 
cal compounds  secreted  by  living  organisms.  These  compounds  are 
called  enzymes,  and,  in  many  cases,  have  been  separated  from  the 
organisms  by  means  of  solvents.  Their  action  must  be  rcg;iTdcd  as 
catalytic,  since  small  quantities  of  the  aistive  organisms  or  of  the 
enzj'mes  can  profliice  very  extensive  chemical  changes  witliout  them- 
selves suiferiug  alteration  in  the  process. 

The  organisms  may  be  divided  into  thi'fte  classes,  each  secreting 
different  enzymes  which  confine  themselves  for  the  most  part  to  special 
kinds  of  chemical  change.  (1)  The  molds,  when  grown  in  sugar  solu- 
tion or  beef  extract,  or  other  nutritive  solutions,  lu'odiu-e  decompositions 
known  collectively  as  putrefaction.  (2)  Certain  bacteria  promote  the 
oxidation  of  alcohol  to  acetic  acid  (p,  498).  Some  also  decompose 
sugar,  fiirnishing  butyric  or  la<_'tic  acid  as  one  of  the  products.  (3) 
The  yeasta  (gaccharfrm  i/ceies)  flourish  in  solutions  of  some  sugars,  and 
decompose  them  into  aleohol  and  carbon  dioxide.  This  decomposition 
is  known  as  alcoholic  fermentation.  These  changes  are  usually  brought 
about  by  actual  introduction  of  the  organism.  In  brewing,  however, 
the  enzyme  itself,  diastase,  is  employed  to  hydrolyze  starch. 

The  juice  of  grapes  when  set  aside  at  a  suitable  temperature  soon 
begins  to  ferment,  owing  to  the  propagation  in  it  of  a  yeast  (S.  ellijtsoi'- 
deiut)  wliic'h  is  found  upon  the  skins  of  the  grapes,  and  decomposes  the 
sugar.  While  small  quantities  of  a  numl>er  of  different  compounds  are 
formed,  by  far  the  greater  part  of  the  sugar  is  resolved  quantitatively 
into  aleohol  and  carbon  dioxide  :  C,H,,Ot  — »  2CjHjOH  +  2C0j.  The 
liquid  effervesces,  and  the  carbon  dioxide  escapes  into  the  air.  The 
wine  is  allowed  to  stand,  after  fermentation,  until  it  has  deposited  a 
considerable  crust  of  material  known  as  argol,  which  consists  mainly  of 
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potassium-hydro^n  tartrate  (KHC,H,0,,  cream  of  tartar).  The  con- 
centration of  the  sugar  in  the  gi'ape-juice  being  smail,  the  quantity  of 
alcohol  contained  in  the  product  is  not  very  great.  By  distillation  of 
wine,  a  liquid  containing  a  much  larger  proportion  of  alcohol  is  made, 
and  is  known  mi  brauidy.  The  special  flavors  of  wines  and  brandies 
depend  upon  materials,  other  than  sugar,  originally  contained  in  the 
fermented  liquid,  upon  by-products  of  the  fentientation,  and  upon 
materials  which  arise  by  slow  chemical  uliauges  while  the  liquor  is 
stored. 

The  preparation  of  beer  involves  a  preliminary  step,  for  the  sugar 
needed  for  the  fermentation  is  made  from  the  stiirch  contained  in  various 
kinds  of  grain,  piirticuliirly  kirley.  The  conversion  of  atjirch  into 
sugar  is  effected  by  the  use  of  diastase,  which  is  formed  in  considerable 
amounts  in  sprouting  iiarley.*  When  the  quantity  of  this  unorganized 
ferment  has  reaehed  a  maximum,  the  barley  is  dried  and  crushed.  The 
product,  known  as  malt,  is  mixed  in  water  with  other  grain  which  has 
not  gone  through  this  process,  and  the  whole  is  slowly  heated.  During 
the  heating,  the  diastase  hydrolyzes  the  molecules  of  the  starch,  giving 
a  sugar  called  maltose  (C^HqOi,).  The  solution,  after  tiltration  and 
boiling,  is  cooled.  It  is  then  placed  in  the  fermentation  vats,  and  com- 
mon yeast  (S.  cert'i'isiw)  is  added.  During  the  growth  of  this  i)lant  the 
maltose  is  decomposed,  each  moleLnde  producing  two  molecules  of 
dextrose,  and  the  latter  is  broken  up  into  alcohol  and  carlion  dioxide 
according  to  the  equation  already  given.  Aside  from  the  alcohol  and 
carbon  dioxide,  considerable  quantities  of  other  substances  extracted 
from  the  grain  remain  in  the  solution  and  form  the  so-called  "  extract," 
which  varies  in  kind  and  quantity  in  dilferent  varieties  of  beer. 

Wtaiake7  is  prepared  in  a  somewhat  similar  fashion,  although  other 
aourf.es  of  starch,  such  as  rye  and  com,  may  be  used.  The  fermented 
liquid  contains  but  a  small  proportion  of  alcohol,  and  is  distilled 
(rectified).  The  alcohol,  lieing  more  volatile  than  water,  tends  to  pass 
over  first,  and  a  product  containing  any  desired  proportion  of  it  (see, 
however,  below)  can  be  made.  Alcohol  for  technical  or  chemical  use  ia 
made  in  the  same  way,  potatoes  sometimes  being  used  as  a  source  of 
^^-     the  starch. 

^^P  •  In  the  digeitlon  of  bread,  potatoes,  and  other  food  containing  starch,  the 

^^  same  office  is  performed  by  the  saliva.  Starch,  beiug  hisohible,  could  not  bo 
I  abaorbed  through  the  walls  of  the  alimentary  tract,  while  sugar  is  soluble  and  can  be 

^^^  so  absorbed.  In  a  rotigUly  ijituilEir  nay  the  albimiinou.'s  piuts  of  food  are  remlered 
^^P  soluble  and  capable  of  assimilation  by  the  pepsin  of  the  stomach,  and  the  pau- 
^^  oreatln  of  the  large  Intestine,  which  convert  thera  into  peptones. 
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Alcohols,  Estebs,  and  Ethxsb. 

Alcohols.  — We  have  already  seen  that  when  wood  is  distilled, 
methyl  iUoohol  is  found  in  the  fluid  product,  When  purified  this  is  a 
colorless  liquid  boiling  at  (56°.  Its  solution  in  water  shows  no  evidence 
of  ionization,  although  it  would  probably  Ije  safer  to  say  that  the 
ionization  is  so  slight  as  to  be  imperceptible,  than  to  say  that  the  com- 
pound is  not  ionized  at  all.  The  formula  (CH,OH)  makes  it  impossible 
to  represent  the  structure  of  the  substance  in  more  than  one  way : 

H 
I 
H-C-O-H 

I 
H 


All  alcohols  cjsntain  the  group  =C  — O  — H  (<■/,  p.  499). 

Common  alcohol,  ethyl  alcohol  CjH^UH,  is  formed  in  the  fermenta- 
tion of  solutions  of  sugar  by  yeast  (p.  501),  and  is  separated  from  the 
water  and  the  other  products  of  fermentation  by  distillation.  The 
product  contains  95  per  cent  of  alcohol  and  5  per  cent  of  water,  and 
is  applicable  to  most  commercial  uses.  Absolute  alcohol,  entirely  free 
from  water,  cannot  be  made  by  distillation  alone  (see  below).  The 
95  per  cent  spirit  is  placed  in  vessels  filled  with  qujeklime,  the  latter 
interacts  with  water  producing  calcium  hydroxide,  and  the  clear  liquid 
which  is  poured  off  is  distilled  once  more.     Pure  alcohol  boils  at  78.3°. 

Mixtures  of  two  liquids,  when  distilled,  behave  in  one  of  three  ways. 
Two  of  these  have  be«n  described  already  (p.  183),  and  alcohol  (b,-p, 
78.30°)  and  water  (b.-p.  100°)  illustrate  the  third.  In  this  caae  the 
vapor  temsion  of  a  certain  mixture  is  higher  than  that  of  any  other 
mixture  and  higher  than  that  of  either  component  separately.  This 
special  mixture  has,  therefore,  a  lotoer  boiling-point  than  any  other. 
In  the  present  instance  this  mixture  contains  95,57  per  cent  of  alcohol 
and  4.43  per  cent  of  water  and  boils  at  78,15°.  Wlien  the  fermented 
liquid,  with  its  large  percentage  of  water,  is  distilled,  the  alcohol  all 
tends  to  pass  off  first,  in  association  with  that  part  of  the  water  required 
to  constitute  the  mixture  of  minimum  boiling-point.  Repeated  distil- 
lation simply  eliminates  more  completely  the  excess  of  water  beyond 
this  amount  (viz.,  4.43  per  cent),  by  leaving  it  in  the  residues. 

Olycarine  (p.  452)  is  an  alcohol  containing  three  hydroxyl  groups, 
a  trihydric  alcohol. 
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Enters.  —  Wlien  an  organic  acid  and  an  alcohol  are  mixed,  a  very 
low  nbeuiical  action  takes  place,  -whiuh,  being  revei-sible,  in  no  case 
reaches  completion.  With  the  simplest  membere  of  these  groups,  for- 
mic acid  and  methyl  alcohol,  for  example,  the  change  is : 

HCOOH  +  IIOCHj  ^  HCOOC  ;H,  +  H,0. 

The  product  is  known  as  methyl  formate.  The  corresponding  aetiou 
between  acetic  acid  and  ethyl  alcohol ;  ("II/^OOII  +  HOCjHj  r=!  CH,<."0 
OCjH,;  +  H„0,  results  in  the  formation  of  ethyl  acetate.  In  this  ease, 
when  equivjilent  quantities  of  the  initial  substances  have  been  used 
without  any  solvent,  and  a  condition  of  equilibrium  has  been  reached, 
two-thirds  of  the  materi;il  is  found  to  have  been  transformed  into 
ethyl  acetate  and  water.  If  we  start  with  the  latter  materials  in  pure 
form,  the  same  equilibrium  point  is  reachefl,  and  one-thirf]  of  the  mate- 
rial is  converted  into  aortic  acid  and  alcohol. 

This  action  is  a  general  one,  and  occurs  between  all  alcohola  and 
aeids.  The  products  are  sometimes  known  as  ethereal  salts,  because 
they  result  from  the  displacement  of  the  hydrogen  of  an  acid  by  a  radi- 
cal. This  designation,  however,  is  not  very  happy,  since  the  products 
are  not  ionized  and  possess  none  of  the  properties  of  salts.  The 
Special  name  esters,  therefore,  has  been  given  to  them.  The  action  is 
always  extremely  slow  and  never  complete,  but  it  may  be  hastened  and 
carried  to  completion  by  the  introtluotion  of  some  substance  capable  of 
absorbing  the  water  and  so  jire venting  the  reversal.  Concentrated  sul- 
phuric acid,  for  example,  or  anhydrous  cnpric  sulphate,  may  be  used. 

Iniirganic  acids  also  interact  with  atcoliol,  giving  esters.  Thus, 
nitroglycerlae  (p.  452)  is  an  eater,  and  should  l>e  called  glyceryl  trini- 
trate. The  use  of  sulphuric  acid  to  assist  in  the  removal  of  the  water 
is  illustrated  in  the  preparation  of  this  substance.  Ouu-ootton  (p,  441) 
is  an  ester  of  nitric  acid  also,  for  cellulose  is  a  complex  alcohol.  Ethyl 
sulphate  (p.  495)  is  an  ester  of  sulphnric  acid.  In  this  case  the  action 
may  be  made  complete  by  using  sulphuric  acid  containiug  an  amount 
of  sulphur  trioxide  sufficient  to  combine  with  the  water  to  be  pro- 
duced. 

The  above  actions,  in  which  an  ester,  like  ethyl  acetate,  is  formed, 
may  be  almost  completely  reversed  if  a  sufficient  amount  of  water  is 
added  ('■/.  p.  250).  The  hydrolysis  of  the  ester  is  hastened  by  the 
presence  of  free  aeids  in  the  water.  This  ia  owing  to  the  catalytic 
action  of  the  hydrogen  ions,  and  the  acceleration  is  proportional  to  the 
activit>'  of  the  acid  used.    The  acid,  however,  although  it  hastens  the 
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action,  does  not  cairy  it  Ijeyond  tbe  noiidition  of  equilibrium  whicii  it 
would  CTentually  have  readied  with  the  same  amount  of  wattr  alone 
(c/.  p.  237). 

When  esters  are  Iwiled  with  atrongr  hases,  such  aa  sodium  hydroitide 
solution,  the  salt  of  the  acid  and  an  alcohol  are  formed  : 

CH.COOCjHj  +  NaOH  -^  CH,COONa  -|-  HOC,H,. 

With  more  complex  esters  the  sodium  salts  of  the  acids  thus  produced 
are  known  ;i8  aoapa,  and  this  general  kind  of  artion  is  cal)t?il,  tliemfore, 
■aponification  (Lat.  sapo,  soap).  The  sjwed  with  which  it  proeeeda 
may  be  used  aa  a  means  of  measuring  the  activity  of  bases. 

Soap,  —  Soap  is  prepared  by  the  decomposition  of  fat.  The  latter 
substance  is  a  mixture  of  several  rather  eoinplex  e.sters.  In  beef  fat 
the  chief  esters  present  are  tiipalmitin,  tristearin,  and  triolein.*  It 
will  be  sufficient  to  illustrate  the  chemistry  of  the  change  by  discussing 
the  case  of  one  of  these  substances.  Tripalmitin  is  the  glyceryl  ester  of 
palmitic  acid.  When  fat  is  mixed  with  hot  soilium  hydroxide  solution 
it  first  forma  an  emulsionf  in  which  the  fat  is  disseminated  in  minute 
droplets  through  the  liquid.  This  is  a  result  of  surfiKie  tension. 
When  the  emulsion  is  boiled,  the  fat  is  slowly  decomposed  into  godjum 
pahuitate  and  glycerine.  The  change  la  precisely  similar  in  plan  to 
the  simpler  one  just  discussed  : 

CkHmCOO-C-H,  hoch, 

I  I 

Ci,H„COO  -  C  -  H     +  SJfaOH  -♦  30„H„C00Na  +  HOCH 

I  I 

C„H„COO  -  C  -  H,  HOCH, 

Changes  similar  to  this  occur  with  the  other  two  substauces.  The 
only  difference  is  that  the  organic  radical  in  the  case  of  triiit«iiriu  is 
CnH^,  and  in  the  case  of  triolein  C„H„  Both  proflucts  in  ea/:h  v:im'  arc 
soluble  in  water,  but  when  common  salt  is  added  to  the  solution  the 
sodium  salts  of  the  organic  acids  are  separated  ("salted  out,"  Me 
Chap.  XXXV)  as  a  solid  mass,  which  is  known  as  soap.  When  potas- 
sium hydroxide  takes  the  place  of  sodium  hydroxide  the  mass  is  semi- 
fluid, and  is  known  as  soft  soap. 

■  B<itt«r  fat  contains  in  lulditinn  to  the  above  a  certain  amount  of  tributyria, 
in  which  the  organic  nidical  is  CjU,.  Olive  oil  oaiul^U  mainly  of  tr^palnritin  and 
triolein. 

t  In  the  intestioM  the  came  oOee  U  performed  by  the  gall,  aeereted  liy  the  Uver, 
Bii4  eo  the  tat  is  [nvpared  for  ahaoTption  into  the  syatem. 
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These  complex  esters,  like  the  simpler  ones,  are  decomposed  alsc 
by  water  without  the  aid  of  a  base,  although  luufh  more  slowly,  Uy 
the  use  of  superheated  steam,  however,  i-apid  hydrolyaia  can  be  pro- 
duced, aud  the  products  are  the  free  organic  acids  and  glycerine.  The 
mixture  of  acids  set  free  from  fat  by  the  action  of  steam  is  a  solid. 
waxy  mass,  known  as  "  stearin,"  and  used  in  tlie  manufacture  of 
candles.    The  oleic  acid,  which  is  a  liquid,  is  pressed  out. 

These  acida,  not  being  fsoluble  in  water,  have  no  effect  upon  litmus ; 
but  the  fact  that  they  are  acids  may  be  recognized  when  it  is  found 
that  they  are  converted  into  soluble  salts  by  bases,  such  as  aodiuni 
hydroxide ; 

C„H„COOH  r  -h  NaOH  ;=t  K,0  +  Ci,H«COONa. 

The  cleansing  power  of  soap  solution  seems  to  depend  on  the  surface 
tension  of  the  liquid  rather  than  on  any  chemical  action. 

The  cxjmponents  of  soap,  like  other  salts,  are  highly  ionized  in  solu- 
tion, and  show  all  the  properties  of  ionogens.  When  soap  is  dissolved 
in  hard  water  (ef.  p.  113),  a  white,  flocculent  precipitate  is  formed, which 
coagulates  upon  the  sides  of  the  vessel.  This  is  a  mixture  of  the  cal- 
cium salts  formed  by  union  of  the  proper  ions.  For  example,  the 
sodium  palmitate  is  chajiged  as  follows  ; 

2C,eH„C00N'a  +  CaSO«->  (C„H„CO0),Ca],+  Na^SOi. 

bst  of  the  salts  of  these  acids,  with  the  exception  of  those  of  potas- 
imn  and  sodium,  are  insoluble  in  water. 


Drying  OiU.  —  The  oils  commonly  used  as  "  dryers  "  for  mixing 
with  varnish  and  paint  and  in  making  linoleum,  such  as  linseed  oil, 
hemp  oil,  poppy  oil,  and  nut  oil,  contain  esters  of  acids  with  unsaturated 
radicals.  One  of  the  constituents,  for  example,  is  the  glyceryl  eater 
of  linoleic  acid.  The  formula  of  this  acid  is  CuHjiCOOH.  It  con- 
tiling  four  hj'drogen  atoms  less  than  the  corresponding  saturated  ai-id 
(stearic  acid).  These  oils,  especially  after  having  been  recently 
heated,  alone  or  with  catalji;ic  agents  like  lead  oxide  and  manganese 
dioxide,  absorb  oxygen  rapidly  from  the  air,  and  become  soUd.  They 
do  not  dry,  in  the  ordinary  sense,  by  evaporation. 

Ether.  —  When  two  molecules  of  an  alcohol  lose  one  molecule  of 
water,  an  ether  is  produced : 

2CH.0H  —  (CH»),0  +  H,0. 


Thus,  methyl  alcoliol  gives  metbyl  ether,  and  ethyl  alcohol,  tthyl  or 
eomiaou  ether.  The  action  is  most  easily  wn-ried  out  by  two  steps. 
In  making  common  ether,  ethyl  alcohol  acts  upon  sulphuric  acid,  giv- 
ing ethyl  sulphate  (p,  -195) ;  and  the  latter,  when  warmed  geutly  with 
excess  of  alcohol,  gives  ethyl  ether : 

C,H(HSOi  +  C,H,OH  -*  (C,H,),0  f  +  H,80.. 

The  ether  escapes  as  vapor  and  is  condensed. 

Ethyl  ether  is  a  volatile  liquid  boiling  at  34.6°,  It  is  largely  used 
as  a  solvent  for  iodine,  fats,  and  other  substances  not  readily  soluble 
in  water,  and  as  an  aniesthetic. 


Cyanogkk. 

Cyanogen.  —  This  compound  is  formed  in  small  amount  when  a 
discharge  of  electricity  takes  place  between  carbon  poles  in  an  atnios- 
phero  of  nitrogen  (</.  p.  416).  Cyanogen,  being  an  endothermal  sub- 
stance, is  more  easily  made  as  one  product  in  an  exothermal  action 
(p.  301).  It  is  prepared  by  allowing  a  solution  of  cupric  sulphate  to 
trickle  into  a  warm  solution  of  potassium  cyanide.  The  cnpric  cyanide, 
at  first  precipitated,  quickly  decomposes,  giving  cuprous  cyanide  and 
cyanogen : 

2KNC  +  CuSO^  -♦  Cu(NC)4  +  IC,SO„ 
2Cu(NC),-»  20uNC  +  C,Nj  \. 

Cyanogen  is  a  very  poisonous  gas  witb  a  characteristic,  faint  odor, 

Ilydvoeyafiic  Acid.  —  This  acid,  called  also  pmssic  acid,  has  the 
formula  H  — N=;C,  and  is  most  easily  made  by  the  action  of  an  acid 
upon  a  cyanide  (see  Potassium  cyanide)  followed  by  distillation.  It 
is  a  colorless  liquid  boiling  at  26.5^.  It  has  an  otlor  like  that  of  bitter 
almonds,  and  is  highly  poisonous.  In  afpteous  solution  it  is  an  ex- 
tremely feeble  acid,  and  is  hardly  ionized  at  all.  In  consojuence  of 
this,  potassium  cyanide  is  markedly  hydrolyzed  by  water,  and  its  aque- 
ous solution  is  strongly  alkaline.  The  behavior  of  hydrocyanic  acid 
shows  it  to  be  an  unsaturated  body,  a  fact  which  is  taken  account  of 
in  the  above  formula,  and  illustrated  in  the  two  following  paragraphs. 


Cyanatea.  —  When  jKitassium  cyanide  is  fused  and  stirred  with 
an  easily  reducible  oxide,  lite  lead  oxide  (PbO),  the  metal  (for  exauip 
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the  lead)  collects  at  the  bottom  of  the  iron  crucible  in  molten  foiin,  am 
potassium  cjanate  is  produced . 

KNC  +  PbO  ~*  K:NC0  +  Pb. 

Cyanic  acid  is  itself  very  imBtable.  Ammoniuni  cyanate  is  chiefly 
remarkiible  for  its  transformation  into  urea  (p.  488). 

Thtocyanatea.  — When  potassium  cyanide  in  aqueous  solution  is 
boiled  with  sulphur  or  with  a  polysuljihide  (p.  376),  it  is  converted  into 
potassium  thiocyanate,  KC'NS.  This  salt  is  used  in  testing  for  ferric 
ions  on  account  of  the  deejj-fyd  color  of  ferrie  thiocyanate  {ef.  p,  250). 
The  ammonium  salt  undergoes  at  170^  a  transformation  parallel  to 
that  of  amiuoniuui  cyanate,  tliiocarbamide  (sulpho-urea)  being  formed, 

JSJcerciiteti,  —  1.  Make  the  gi-aphic  formulm  of  hexane  (p.  491), 
methyl  aec^tate  (p.  499),  ethyl  formate,  ethylene  bromide  (p.  496), 
oxalic  acid  {p.  499),  ethyl  ether  (p.  607). 

2.  Make  equations  for  the  formation  of  aluminium  carbide 
(p.  478),  the  hydrolysis  of  starch  to  maltose  (p.  502),  the  saponiii. 
cation   of  triolein   (p.  505). 

3.  Name  the  radicals  :  CjH,!,  CjH,o,  CjH,,  C,(H,„  and  the  sub- 
stances ejl„<;i,   C^H./HI,   (CjH„)/>,   C,H„HSO,. 

4.  Is  the  hydrocarbon  radical  of  oleic  acid  (p.  605)  saturated, 
or  not  ? 

5.  Prepare  a  Bummary  of  the  various  statements  that  have  been 
made  in  the  text  al)out  catalyaiB  (e.ff.  pp.  75,  109,  111,  170,  175,  189, 
237,  380,   396,  ^99,  423,  4S4),  and  illustrate  fully. 
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CHAPTER   XXX 

FIiAME 

Meani»i}  of  the  Ternu  —  In  the  combustion  of  charcoal  there  is 
hardly  any  flame,  for  the  light  eiiiauatea  almost  entirely  from  the  incan- 
descent, massive  solid.  When  two  gases  are  mixed  and  set  on  lire,  a  sort 
of  flame  passes  thi'ough  the  mixture,  but  this  win  hardly  be  accounted  a 
flame,  in  the  ordinary  sense,  either.  The  rapid  movement  of  the  flash, 
and  the  explosion  which  aocompauiea  it,  are  in  a  manner  the  precise 
pppoaite  of  the  quiet  combustion  which  is  characteristic  of  flames. 

I  With  Lllumiuating-gas  the  production  of  its  very  characteristic  flame 

is  due  to  the  chemical  union  of  a  stream  of  one  kind  of  gas  in  an 
atmosphere  of  another.  The  flame  is  made  up  of  the  heated  matter 
where  the  two  gases  meet.  In  the  case  of  a  burning  candle,  one  of  the 
bodies  appears  to  be  a  solid,  but  a  closer  scrutiny  of  the  phenomenon 
shows  that  the  solid  docs  not  Luru  diructly.  A  combustible  gas 
is  manufactured  continuously  by  the  heat  of  the  combustion  and 
rises  from  the  wick.  The  introduction  of  a  narrow  tube  into  the 
interior  of  the  flame  enables  us  to  draw  off  a  stream  of  this  gas  and  to 
ignite  it  at  a  remote  point.  Thus,  a  Same  is  a  phenomenon  produced 
at  the  Burface  vriiije  two  gasea  meet  and  undergo  combination  witli 
the  evolution  of  heat  and,  itometlmea,  light. 

In  tlie  chemical  point  of  view,  it  is  a  matter  of  iudifi'erenoe  whether 
the  gas  outside  the  flame  contains  oxygeUj  and  the  gas  inside  consists 
of  substances  ordinarily  known  as  combustibles,  or  whether  this  order 
is  reversed.  In  an  atmosphere  of  ordinary  illuminating-gas,  the  flame 
must  be  fed  with  air.  This  condition  is  easily  realized  (Fig.  93). 
The  liunp-chimney  is  closed  at  the  top  until  it  has  become  filled  with 
illuminating-gas.  After  the  lapse  of  a  few  minutes  this  can  be  ignited 
as  it  issues  from  the  bottom  of  the  wide,  straight  tube  which  projects 
from  the  interior.  When  the  hole  in  the  cover  of  the  lamp-t'himney  is 
then  opened,  the  upward  draft  causes  the  flame  of  the  burning  gas  to 
recede  up  the  tube,  and  there  results  a  flame  fed  by  air  and  burning  Id 
coal-ga'i.  In  an  atmosphere  of  this  kiud,  materials  playing  the  part  of 
a  candle  burning  in  air  'vould  have  to  be  substances  which,  under  the 
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influence  of  the  heat  of  combustion,  give  off  oxygen.  Strongly  heated 
potassium  chlorate,  for  example,  appears  to  burn  continuously  in  such 
an  atmosphere  when  lowered  into  it  in  a  deflagrating  spoon. 

JiUtniHOUg  Flameti.  —  The  flame  of  hydrogen,  under  ordinary  cir- 
cumstances, is  almost  invisible,  nearly  all  the  energy  of  the  combustion 
being  devoted  to  the  production  of  heat.  A  part  of  this,  however, 
may  be  transformed  iuto  li^'ht  by  the  sus- 
pension of  a  suitable  solid  body,  such  as  a 
platinum  wire,  in  the  flame.  The  holding  of 
a  piece  of  quicklime  in  an  oxyhydrogen  flame 
(ef.  p.  10'.))  is  a  practical  illustration  of  this 
method  of  securing  luminosity.  In  general, 
luminosity  may  be  produced  by  the  preaeuoe 
of  some  incandescent  solid. 

In  the  Welabach  lanip  the  flame  itaelf  is 
non-IuinLnous,  and,  but  for  the  mantle,  would 
be  identical  with  the  ordinary  Bunsen  flame. 
The  mantle  which  hangs  in  the  flame,  how- 
ever, by  its  iiicandesceuce,  furnishes  the  light. 
This  mantle  is  composed  of  a  mixture  of  99 
per  cent  thorium  dioxide  (ThO,)  and  one  per 
cent  cerium  dioxide  (CeOj).  While  many 
oxides  would  give  out  a  white  light  and  could 
be  obtained  much  more  cheaply  than  these, 
they  have  not  sufficient  coherence  to  make 
their  use  practicable.  It  is  worth  noting  that 
any  appreciable  variation  from  the  above  pro- 
portions, by  the  introduction  of  either  more 
or  leas  cerium  oxide,  produces  a  marked 
diminution  in  the  intensity  and  whiteness  of 
the  light  (see,  also,  under  Thorium ). 
In  cases  of  brilliant  combustion,  as  of  magnesium  ribbon  or  phos- 
phorus, a  solid  body  is  fonned  whose  incandescence  accounts  for  the 
light.  The  flame  of  ordinary  illuminating-gas  does  not  at  first  sight 
appear  to  give  evidence  of  the  presence  of  any  solid  body.  But  if  a 
cold  evaporating  dish  is  held  in  the  flame  for  a  moment,  a  thick  deposit 
of  finely  divided  carbon  (soot)  is  formed,  and  we  at  once  realize  tliat 
the  light  is  due  to  the  glow  of  these  particles  in  a  mass  of  intensely 
hot  gas.     Carbon  is,  indeed,  an  extremely  combustible  substance,  and 
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FLAME 

is  eventually  entirely  consumed.  But  a  freali  supply  is  continually 
being  generated  in  the  interior  of  the  flaiup,  uliile  the  oxygen  with 
which  it  is  to  unite  is  outside  the  flame  altogether.  Thus  the  carbon 
particles  persist  until,  drifting  with  the  spreading  gas,  they  reach  the 
periphery  of  the  flame. 

It  canuot  be  said  that  no  flames  are  luminous  unless  a  solid  body  is 
contained  in  them.  When  compressed  hydrogen  is  burned  in  an  atmos- 
phere of  oxygen  under  pressm-e,  the  liglit  given  out  by  the  flame  is 
much  greater',  and,  in  general,  illuminating  power  seems  to  be  height- 
ened by  increase  in  the  density  of  the  gas.  In  special  cases,  also,  such 
as  the  exjdoaion  of  a  mixture  of  nitric  oxide  with  carbon  luaulpliide 
vapor,  a  flame  which  has  considerable  illuminating  power  is  produced, 
although  the  density  of  the  gases  is  low  and  solids  are  lacking. 

The  Bunnen  Flame,  —  In  the  burner  devised  by  Robert  Biinsen,  a 
jet  of  ordinary  illuminating-gas  ia  projected  from  a  niiiTOwr  opening 
into  a  wider  tube.  In  this  tube  it  becomes  mixed  with  air,  drawn  in 
through  openings  whose  dimensions  can  be  altered  by  means  of  a  per- 
forated ring.  When  the  supply  of  air  is  sufficient,  the  flame  becomes 
non-luininous.  With  a  somewhat  different  construction,  and  the  use  of 
a  bellows  to  force  a  larger  proportion  of  air  into  the  gas,  a  Mtill  hotter 
flame  can  be  produced.  The  instnunent  in  this  case  is  known  as  a 
blast-lamp.  The  high  temperature  of  the  Buiisen  flame  is  nut  diflieult 
to  account  for.  It  will  be  seen  at  once,  on  handling  the  burner,  that 
the  flame  diminishes  to  one-half  or  one-third  of  its  previous  size  when 
air  ia  admitted.  Since  the  same  amount  of  gaa  is  burning  in  both 
cases,  and  the  products  in  both  cases  are  ultimately  alike,  the  total 
amoimts  of  beat  produced  must  in  both  cases  be  the  same.  This  state- 
ment may  safely  he  made,  since  experiment  shows  that  when  chemical 
substances  pass  from  one  condition  to  another,  the  amount  of  heat 
evolved  is  the  same  whatever  intermediate  steps  may  be  taken  or 
omitted  {rf.  p.  78).  The  production  of  an  equal  amount  of  heat  in  a 
smaller  flame  necessarily  causes  this  to  have  a  higher  average  temper- 
ature. It  will  be  noted  that  it  does  not  follow  from  this  that  the  tem- 
perature is  higher  in  every  part  of  the  non-luminous  flame  than  in  the 
corresponding  locality  in  the  luminous  iiame.  We  shall  see  later,  in- 
deed, that  this  is  not  the  case. 

It  is  instructive  to  note  the  effect  of  forcing  in  larger  and  larger 
proportions  of  air  into  the  Bunsen  flame.  The  flame  at  the  top  of  the 
tube  continually  ditaiuishea  in  size,  even  after   it  has  become  non- 
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luminoua.  Fiiiallyj  a  poiut  is  reached  at  which  the  flame  is  so  unstable 
tliat  the  smallest  further  increase  in  the  supply  of  air  causes  it  to 
descend  into  the  tube.  The  mixture  of  illuminating-gas  and  air  in  the 
tube  of  a  Hunsen  burner  is  an  explosive  one,  and  the  explosion-flame 
will  proceed  through  it  with  greater  rapidity,  the  more  nearly  the 
quantity  of  air  approaches  tliat  required  for  complete  combustion. 
When  the  speed  with  which  the  ex  plosion -flame  would  move,  equals 
that  with  which  the  stream  of  the  mixed  gases  is  coming  upward 
through  the  tube,  the  flame  reaches  the  unstable  condition  just  men- 
tioned. Any  increase  in  the  proportion  of  air  raises  the  speed  with 
which  the  explosion  can  travel,  and  the  flame  is  thus  able  to  proceed 
down  the  tu!w  against  the  stream  of  gas.  This  phenomenon  is  fre- 
quently noticed  in  the  Bunsen  burner,  when  the  holes  admitting  the 
air  are  too  large,  or  a  draft  momentarily  causes  an  increase  in  the 
supply  of  air.  The  flame  "strikes  back,"  and  thereafter  continues 
to  bum  at  the  bottom  of  the  tube. 


f;^ 


Strttcture  of  the  Sunaen  Flame.  —  When  an  ex- 
ceedingly small  luminous  flame  is  examined,  the  various 
parts  of  which  it  consists  may  easily  be  made  out.  In  the 
interior  there  is  a  dark  cone  which  is  comjiosed  of  illumi- 
nating-gas and  air,  and  in  it  no  combustion  is  taking  place. 
A  match-head  may  be  held  here  for  some  time  without 
lieing  set  on  fire.  This  is  therefore  not  properly  a  i>art  of 
the  flame.  Outside  this  is  a  vivid  blue  layer  {C,  Fig.  94) 
which  is  best  seen  in  the  lower  part  of  the  flame,  but  ex- 
tends beneath  the  luminous  sheath,  and  covers  the  dark 
inner  cone  completely.  Outside  the  blue  flame,  and  cover- 
ing the  greater  part  of  it,  is  the  cone-shaped  luminous 
portion  (fi).  Over  all  is  an  invisible  mantle  of  non-lumi- 
nous flame  (-4),  which  becomes  visible  when  the  light  from 
the  luminous  part  is  pui-posely  obstructed.  In  the  lumi- 
nous gas-flame,  therefore,  there  are  four  regions,  if  we 
count  the  inner  cone  of  gas.  The  diflerenc*  between  thia 
and  tlie  non-luminous  Bun-sen  flame  is  that  in  the  latter 
the  luminous  region  is  omitted,  and  the  inner,  dark  cone,  the  blue 
sheath,  and  the  outer  mantle,  are  the  only  parts  which  cjin  be  dis- 
tinguished. We  shall  see  that  in  these  different  regions  the  chemical 
changes  taking  place  are  different. 


Fig.  H. 
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^V       Composition  of  Tlluminiting-On.it.  —  Before  considering   the 

^H  chemistry  of  the  gas-tiauie,  it  is  necessary  to  know  what  suhstances  are 

^HburuiBg.     The  illuiairating-giia  in  Eurojje,  and  in  many  of  the  smaller 

^H  cities  of  the  United  States,  is  nsiiallv  coal-gas,  while  in  the  larger  cities 

^"^  of  America  it  is  almost  always  made  from  water-gas.     The  former  is 

obtained  by  the  destruetive  distillation  of  soft  coal,  and  is  freed  from 

ammonia  {ef.  p.  418)  and  tar  by  washing  and  cooling,  and  from  hydrogen 

sulphide  and  carbon  dioxide  by  passage  thi'ough  layers  of  slaked  lime. 

The  water-gas,  made  by  the  action  of  steam  upon  anthracite  or  coke, 

being  composed  of  carbon  monoxide  aiid  hydrogen  {rf.  p.  486),  has  no 

^^  illuminating  power.     It  is  therefore  "  carburettfid,"  that  is,  mixed  with 

^■hydrocarbons,  by  passage  through  a  cylindrical  structure  filled  with 

^Bifhite-hot  firebrick,   upon  which  falls  a  small  stream  of  high-boillag 

^■petroleum.     The  relatively  iuvolatile  hydrocarbons  of  which  the  oil  ia 

composed  are  thus  decomposed  ("cracked ''),  and  gaseous  substances 

of  high  illuminating  power  are  prodnced.     The  following  table  shows 

the  composition  of  each  of  these  kinds  of  gas,  together  with  that  of 

oil-gas  (Pintsch's),  which  is  composed  entirely  of  the  products  from 

"  cracking  "  oil : 


CompoDenls. 

Oo«Mu. 

Water-6u. 

OII-Om. 

Illmninants .... 

5.0 

18.8 

45.0 

Heating  pases: 

Metlmne  .... 

34.5 

19.8 

38.8 

Hydrogen      .     .     . 

49.0 

32.1 

14.6 

Carbon  monoxide     . 

7.2 

26.1 

*      .      » 

Impurities: 

Nitrogen  .... 

3.2 

2.4 

1. 1 

Carbon  dioxide   . 

1,1 

3.0 

■  •  • 

Candle  power    .     .     , 

17.5 

25.0 

66.0 

These  are  average  numbers,  and  considerable  variations  from  these  pro- 
portions are  often  met  with.  The  illuminants  are  unsaturated  hydro- 
carbons, such  as  ethylene,  acetylene,  and  benzene,  and  the  value  of  the 
gas  for  illuminating  purposes  depends  on  the  amount  of  these  particular 
components. 

Chemical    Changes  Taking  Place  in  tfte  Ba-naen  Flame. — 

The  study  of  the  chemical  changes  taking  place  in  the  Bunsen  flame, 
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particularly  with  the  object  of  explaining  (1)  the  luminosity  of 
the  flame  of  the  pure  gas,  and  (2)  the  non-luminosity  of  that 
produced  by  the  same  gas  when  it  is  mixed  with  air,  lias  been  the  sult- 
ject  of  many  elaborate  investigations.  The  questions  are  :  Why  is 
carbon  liberated  in  thu  former  case,  and  why  is  it  not  liberated  in  the 
latter  ?     Let  us  consider  these  questions  in  order. 

1.  The  first  suggestion  of  an  explanation  of  the  presence  of  free 
carbon  in  the  luminous  flame  was  that  the  hydrocarbons  contained  in 
the  gas  underwent  a  selective  combustioq.  This  was  supposed  to  take 
place  in  such  a  way  that  the  hydrogen  was  first  burned  out  of  the 
molecules  by  the  oxygen,  which,  by  diffusion,  had  penetrated  farthest 
into  the  flame.  The  carbon  had,  therefore,  to  remain  free  until  all  the 
hydrogen  was  satisfied,  and  until  the  former  had  drifted  into  a  region 
in  which  a  more  liberal  supply  of  oxygen  was  obtainable.  Thus  the 
carbon  ivas  rendered  incandescent  by  the  heat  of  combustion  of  the 
hydrogen.  This  hastily  formed  theory  is  founded  upon  ill-considered 
premises,  and  is  not  supported  by  experiment.  It  is  based  upon  the 
familiar  fact  that  hydrogen  gas  bums  more  easily  than  solid  charcoal. 
Such  a  comparison,  however,  is  not  applicable  to  the  case  of  the  com- 
bustion of  a  gaseous  hydrocarbon,  for  in  such  a  substance  both  of  the 
elements  are  in  a  gaseous  condition,  and  the  inferior  oombustibility  of 
charcoal  is  due,  not  to  an  inferior  power  of  uniting  with  oxygen,  but 
to  the  fact  that,  since  it  is  a  solid,  the  oxygen  finds  acoeas  to  it  only 
with  difficulty. 

The  question  could  manifestly  be  placed  beyond  dispute  if  it  were 
found  possible  to  determine  exactly  the  nature  of  the  change  which 
passage  through  the  inner,  blue  zone  of  th©  flame  produced,  If,  for 
example,  gases  could  be  extracted  by  means  of  a  tube  from  the  region 
just  outside  this  zone,  and  it  were  found  that  all  the  hydrogen  had  lK^en 
converted  into  water  while  the  carbon  bad  not  yet  reached  the  stage  of 
carbon  dioxide,  this  theory  would  be  confirmed.  It  was  found  impos- 
sible, however,  to  perform  the  exjwriment  in  this  fashion,  on  account 
of  the  disturbing  infiuence  of  the  currents  produced  by  the  witiidrawal 
of  the  stream  of  gas.  An  apparatus  devised  by  Smithells,  however, 
furnished  an  ingenious  means  of  securing  the  interconal  gas,  alone  and 
in  any  quantity.  The  air  and  combustible  gas  arc  admitted  in  propor- 
tions which  can  be  varied,  and  the  mixture  burns  at  the  top  of  the 
wider  tube  (Fig.  95).  As  the  quantity  of  air  is  increased,  however,  the 
speed  with  wiiich  an  explosion-fiame  would  pass  through  it  becomes 
greater,  and  finally  the  inner  cone  passes  down  and  rests  upon  the 
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mouth  of  the  narrow  tube  through  which  the  mixture  of  gases  is  issuing 
more  rapidly.     A  preliminary  combustion  takes  place  in  the  blue  cone, 
while  the  final  conversion  of  the  whole  material  into  carbon  dioxide  and 
water  is  w)mpleted  in  the  outer  mantle.     This 
remains  lit  the  top  of  the  wider  tube,  where 
alone  the  necessaiy  air  can  be  obtained.     By 
means  of  a  sidfs-tube  {not  shown)  fused  into 
the  wider  tube,  the  gases  which  have  traversed 
the  inner  cone  and  undergone  chemical  change 
in  it  can  be  extracted  and  subjected  to  exam- 
ination. 

Now  it  was  found  that  hardly  any  of  the 
hydrogen  htid  been  burned  by  the  blue  cone, 
wliile  all  of  the  carboo  had  reached  the  stage 
of  carbon  monoxide.  This  wiis  the  case,  not 
only  with  illuminating-gits,  wliich  initially 
contains  much  free  hydrogen,  but  also  when 
the  flame  was  fed  with  pure  methane.  The 
greater  part  of  the  hydrogen  of  the  latter 
was  set  free,  and  was  found  uncombined  in 
the  interconal  gas.  It  is  evident,  therefore, 
that  when  a  hydrocai'bon  undergoes  partial 
combustion  the  carlmn  Is  Jirgt  attacked  and 
the  burniiifT  of  the  hydrogen  is  postponed 
until  a  sufficient  supply  of  oxygen  becomes 
available. 

We  may  safely  infer,  therefore,  that  since 
in  the  luminous  flame  a  portion  at  least  of 
the  carlwn  remains  for  a  time  uncombined, 

the  hydrogen  jnust  a  fortiori  have   survived  combustion  also.     The 
luminous  cone  must  contain  a  mixture  of  free  hydrogen  and  free  carbon. 

The  production  of  this  mixture  can  be  explained  in  only  one  way, 
namely,  by  the  dissociation,  of  the  hydrocarbons  concerned,  of  which 
ethylene  is  the  most  important.  Now  we  have  aeen  (pp.  496  and  497) 
that,  when  heated,  ethylene  dissociates,  giving  acetylene,  and  acetylene 
gives  carbon  and  hydrogen.  Hence  this  stochastic  hypothesis  is  highly 
probable.  It  only  remains  to  l>e  sJiown  that  acetylene  is  actually  formed 
as  an  intermediate  substance.  Evidence  of  this  is  obtained  in  two  ways. 
It  is  found  that  wtien  the  Bunsen  flame  "  strikes  back,"  and  the  combus- 
tion of  the  gases  is  rendered  incomplete  by  the  contact  of  the  flame  with 
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the  cold  tube,  a  large  amount  of  acetylene  is  formed.  Again,  when  the 
gases  surrounding  the  flame  of  air  biu'ning  in  illuminating-gas  (p.  509) 
are  withdi'awn  hy  means  of  a  pump  and  caused  to  pass  through  an 
ammouiaca.1  solution  of  cuprous  chloride  (Fig,  96),  large  quantities 
of  copper  acetylene  are  formed. 

The  conoeption  that  when  hydrocarbons  burn,  they  first  undergo  dis- 
sociation, and  then  union  with  oxygen,  13  in  harmony  with  what  we 

have  observed  a-lao  in  the 
case  of  the  combustion  of 
liydrogen  sulphide,  where 
the  presence  of  free  sul- 
phur and  free  hydrogen 
in  the  interior  of  the  flame 
was  demonstrated  (p. 
378). 

2.  The  influence  of 
the  a.ir  admitted  to  the 
Bunsen  burner,  in  inter- 
fering with  this  dissocia^ 
tion  in  such  a  way  as  to 
destroy  all  laminosity,  is 
the  most  difficolt  point  to 
explain.  The  effect  is 
frequently  attributed  to  the  oxygen  which  .the  air  contains.  This  view, 
however,  is  seriously  weakened  by  a  consideration  of  the  undoubted 
fact  that  oxygen  is  not  Tei\w  red.  Carbon  dioxide  and  steam  are  equally 
efficient  when  introduced  instead  of  air.  Even  nitrogen,  which  cannot 
possibly  be  suspected  of  furnishing  any  oxygen,  likewise  destroys  the 
luminosity,  Lewes  haa  shown  that  0.5  volumes  of  oxygen  in  1  volume 
of  coal-gaa  destroy  the  luminosity.  But  2.30  volumes  of  nitrogen  or 
2.27  volumes  of  air  accomplish  the  same  result.  Thus  the  eflicieucy 
of  air  is  not  much  greater  than  that  of  nitrogen,  in  spite  of  the  fact 
that  one-fifth  of  the  former  is  oxygen. 

It  is  evident  that  the  effect  is  due,  in  part  at  least,  to  the  dilution 
with  cold  gaa.  This  is  confirmed  by  the  observation  that  a  cold  plati- 
num dish  held  in  a  small  luininoua  flame  is  similarly  destructive  of  the 
luminosity.  Comparison  of  the  teaijKjraturea  of  the  inner  sheaths  of 
the  luminous  and  non-luminous  flumes  sliuws  that  the  temperature  of 
the  latter  is  markedly  lower.  If  the  tube  of  the  Bunsen  burner  is 
heated  so  that  the  muted  gases  are  considerably  raised  in  temperature 
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before  reaching  the  non-lmninous  flame,  the  latter  becomes  lumiuous. 
It  is  probable,  therefore,  that  the  cold  gas  lowers  the  temperature  of  the 
inner  flame,  and  at  the  same  time  the  dilution  diminishes  the  speed  of 
dissociation  (Lewes).  Even  if  the  temperature  is  not  reduced  below 
that  at  which  dissociation  of  the  ethylene  can  occur,  yet  the  dilution 
and  cooling  together  prevent  that  sharp  dissociation  at  this  particular 
point  which  is  necessary  for  the  production  of  the  great  excess  of  free 
carbon  needed  to  furnish  the  light. 


Eaeereieee.  —  1.  In  what  way  will  calcium  hydroxide  remove 
hydrogen  sulphide  from  ooa.l-ga8  (p.  613)  ? 

2.  Make  a  section  showing  the  shape  of  the  flame  produced  by 
burning  hydrogen  gas  when  the  latter  issues  from  a  circular  opening. 
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SILICOS  AND   BOSOU 

In  respect  to  chemical  relatiouM  there  is  a  close  Tssemblance  between 
silicon  and  carton.  The  former  element  gives  no  monoxide,  however, 
and  is  quadrivalent  in  all  its  compounda.  In  chemical  character  it  ia 
etrictly  non-metallic. 

Occurrence.  —  Silicon,  unlike  carbon,  is  not  found  in  the  free  con- 
dition. In  combination  it  is  the  most  plentiful  element  after  oxygen, 
and  constitutes  more  than  one-quarter  of  the  crust  of  the  earth.  The 
oKide  is  silica  or  sand  (SiOj),  and  this  oxide  and  its  compounds  are 
components  of  many  rocks,  In  the  inorganic  world  silicon  ia  the  char- 
acteristic element  to  almost  as  great  an  extent  as  ia  carbon  in  the 
organic  realm. 

PrcparatiuH.  —  When  finely  powdered  magnesium  and  sand  are 
mixed,  and  one  part  of  the  mass  is  heated,  a  violent  action  spreads 
rapidly  throt^h  the  whole : 

2Mg  -I-  SiO,  ->  Si  -I-  2MgO. 

At  the  same  time,  and  especially  if  excess  of  the  metal  is  used,  some 
magnesium  silicide  Mg^Si  is  formed  also.  The  mixture  is  treated  with 
a  dilute  acid  which  deeomposea  the  magnesium  oxide  and  the  silicide, 
and  leaves  the  silicon  alone  undissolved.  A  simpler  method,  although 
one  using  less  common  materials,  is  to  pass  the  vapor  of  silicon  tetra- 
chloride over  heated  sodium.  The  mixture  of  common  salt  and  silicon 
which  remains  in  the  tube  can  be  separated  by  washing  with  wat«r. 
Both  of  these  jnethods  give  amorphous  silicon  in  the  state  of  fine  powder. 
When  amorphous  silicon  is  dissolved  in  molten  zinc,  the  mass,  after 
solidification,  is  found  to  contain  ei78talline  silicon.  This  form  may 
be  made  in  one  operation,  by  heating  three  parts  of  potassium  fluosili- 
cate  KjSiF,  with  one  part  of  smlitini  and  four  parts  of  zinc  in  a  closed 
crucible.  The  sodium  displaces  the  silicon  and  combines  with  the 
fluorine,  while  the  zinc  acts  as  a  solvent  as  befoi-e.  The  zinc  is  removed 
by  the  action  of  a  dilute  acid,  the  silicon  remaining  unaffected. 
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Properties,  —  Amorphouo  sllicoQ  is  a  brown  {wwder,  It  unites 
witU  finoi-me  at  the  ordiiiiiry  teiiijierature,  witli  elilorine  at  430°,  with 
bromine  at  500°,  with  oxygen  at  400°,  with  sulphur  at  (iOO'',  with  nitro- 
gen at  about  1000°,  and  with  carbon  and  Ixjron  at  t*m])cratiu'es  attiiiu- 
able  only  in  the  electric  furnace.  It  is  slowly  oxitlizeil  by  in^ua  retjlu 
to  silicic  acid,  and  is  dissolved  by  a  laixture  of  hydrofluoric  a«id  and 
nitric  acid,  ^,^ving  the  fluoride. 

Crjritallixed  Bilicon  consists  of  black  needlea  belonging  to  the  hex- 
agonal system,  and  is  less  active  than  the  other  variety.  It  oxidizes 
superficially  at  400°,  and  the  dioxide  formed  on  the  surface  hinders 
further  action.  With  clilorine  and  fluorine  it  uuitea  easily  when 
heated.  Gaseous  hydrogen  fluoride  interacts  violently  with  it  at  a  high 
temperature,  heat  and  light  are  given  out,  and  silicon  tetrafluoride  and 
hydrogen  are  fortned.  It  is  slowly  attacked  by  hydrofluoric  acid  I 
mized  with  nitric  aciil,  but  not  by  any  others  of  the  oxygen  acids. 

Both  kinds  of  silicon  act  with  fair  speed  upon  boiling  solutions  of 
potassium  or  sodium  hydroxide  (cf.  p.  99),  the  metasilicate  being 
formed ; 

Si  +  2K0H  +  HjU  -^  KjSiCJ,  +  2H^ 

Silicon  seems  to  be  wore  active  than  carbon,  for,  when  it  is  heated  with 
fused  potasaium  carbonate,  potassium  silicate  is  forjned  and  carbon  is 
liberated.  Both  kinds  of  silicon  differ  from  carbon  in  Iteiug  fusible  at 
a  very  high  temperature.     The  product  is  crystallized  silicon. 


Silicon  Htftlride. —  Silicon  differs  from  carbon  in  giving  only  two 
Lusdl-defined  compounds  with  hydrogen.  The  chief  one  may  be  liberated 
''IK  a  gas  by  the  action  of  hy<lrochloric  acid  upon  magnesium  silicide : 

MgaSi  4-  41101  —  2MgCl,  +  SiH,. 

The  action  is  similar  to  that  by  which  hydrogen  sulphide  is  made. 
Since  the  magnesium  silicide  always  contains  free  luagncsium,  hydro- 
gen is  liberated  at  the  same  time.  The  gases  may  bo  separated  by 
passage  through  a  tube  surrounded  by  liquid  aii-.  The  silicon  hydride 
is  reduced  to  liquid  form,  while  the  hydrogen  passes  on.  The  mixture 
with  hydrogen  is  spontaneously  inflammable.  The  pure  gas  becomes 
so  only  when  its  pressure  is  reduced.  In  the  air,  however,  it  ia  easily 
inflammable,  by  contact  with  a  warm  body.  When  heated,  it  deooia> 
poses  into  its  constituents. 
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Carbide  of  SiUcon,  —  This  compound  is  manufactured  for  use  as 
an  abraaive,  and  is  sold  under  the  name  of  carl/otundum.  A  niixture 
of  quartz-sand,  coke,  and  common  salt  is  heated  to  about  3500°  in  the 
electric  furnace  : 


SiO,  +  3C  ^  SiC  +  2C0. 


The  materials  are  piled  upon  an  oblong  base  provided  with  vertical 
■walla  at  the  ends,  through  which  the  terminals  project.  A  long  ridge 
of  looeely  packed  coke  furnishes  an  imperfect  conductor  of  high  resist- 
anoe  between  the  terminals.  The  alwve  mixture  is  heaped  on  each  side 
of  and  above  this,  as  well  as  below  it.  The  coke  becomes  white-hot 
when  the  curreut  is  turned  on,  and  the  heat  radiating  from  this  core 
brings  alwut  a  change,  in  the  aViove  sense,  which  affects  the  whole  mass 
more  or  less  completely. 

Silicon  carbide  when  pure  is  composed  of  transparent,  colorless, 
hexagonal  plates.  Ordinarily  the  crystsils  are  brown  or  black.  It 
stands  next  to  the  diamond  and  carbide  of  boron  in  hardness.  It  is 
not  oxidized  by  the  air  even  at  a  white  heat,  being  protected  by  the 
layer  of  silica  fii'St  farmed.  Carboninduin  is  not  affected  by  water  or 
acids,  but  is  dccomi>osed  by  alkalies.  It  is  used  in  making  machinery 
for  polishing  hard  rock,  such  as  granite,  and  is  employed  also  for  pro- 
tecting the  walla  of  puddling  furnaces  (^.w.),  and  in  other  ways  in  the 
steel  industry. 

Silicon  TettacMoHde.  —  This  compound  is  made  by  direct  union 
of  the  free  elements.  It  is  more  conveniently  prepared  by  passing 
chlorine  over  a  strongly  heated  inLxture  of  silicon  dioxide  and  carbon. 
The  gaseous  prmivicts  enter  a  condenser  in  which  the  tetrachloride 
assumes  the  liquid  form. : 

2C1,  +  SiO,  +  2C  -*  SiCl,  +  2C0. 

Chlorine  is  unable  to  displace  oxygen  from  combination  with  silioon, 
and  has,  therefore,  when  alone,  no  effect  upon  sand.  In  the  above 
action,  therefore,  the  carbon  is  used  to  secure  the  oxygen  while  the 
chlorine  combines  with  the  Bilicon,  This  kind  of  interaction  is  in 
some  degree  different  from  any  which  we  have  hitherto  encountered. 
It  bears  no  special  name,  but  the  principle  underlying  it  is  very  com- 
monly employed  (see,  e.;/,,  Chlorides  of  boron  and  aluminium). 

Silicon  tetrachloride  is  a  colorless  liquid  (b.-p.  69°)  which  fnmea 
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strongly  in  moist  air,  giving  silicic,  acid.     It  acts  violently  upou  cold 
water,  and  in  this  respect  differs  from  carbou  tetrachloride  : 

SiC;i«  +  4H,0  -,4HCI  +  8i(0H),. 

The  silicic  acid  (y.y.)  which  is  formed  soon  appears  as  a  gelatinous  pre- 
cipitate. 

When  silicon  is  heated  in  a  atrearo  of  dry  hydrogen  chloride,  a 
mixture  of  silicon  tetrachloride  and  silico-chloroform  SiHCl,  is  pro- 
duced.    The  latter  is  a  volatile  liquid  boiling  at  34°. 

Silicon  Tetrafiuoride.  —  When  strong  hydrofluoric  acid  acts  upon 

sand,  this  gas  is  liberated  : 

SiO,  +  4HF  -» 2H,0  +  SiF^. 

Since  the  water  interacts  with  the  tetrafluoride  (see  below),  the  latter 
is  usually  made  by  the  use  of  [wwdered  calcium  fluoride  and  excess, 
of  sulpliuric  acid.  In  this  way  tht>  hydrogen  fluoride  is  generated  in  ' 
contact  with  the  sand,  and  at  the  aame  time  the  sulphuric  acid  takes 
possession  of  the  water.  Hydrofluoric  add  acts  in  a  corresponding 
way  upon  all  silicates  (y.J'.},  whether  these  are  minerals  or  are  artificial 
silicates  like  glass  {cf.  p.  243). 

Silicon  tetrafluoride  is  a  gas  which  becomes  solid,  without  liquefy- 
ing {cf.  p.  463),  when  cooled  to  —102°.  It  fumes  strongly  in  moist 
air,  and  acts  vigorously  upon  water.  This  interaction  is  diff^erent  from 
that  of  the  tetrachloride,  because  the  excess  of  the  tetrafluoride  forms 
a  complex  compound  with  the  hydrofluoric  acid  : 

BiF,  +  4H,0  -^  Si(OH),  ( +  4HF)  (1) 

(4HF)  +  2SiF,  -^  3H,SiF, (2) 

SSiF,  +  4H,0  -,  Si(OH),  +  2H^iF, 

The  silicic  acid  is  precipitated  in  the  water,  and  may  be  sejiarated  by 
filtration,  leaving  a  solution  of  hydrofluosiHcic  acid. 

Hydrofluo»Uiclc.  Acid.  —  This  acid  is  stable  only  in  solution. 
When  the  water  is  removed  by  evaporation,  sihoon  tetrafluoride  is  given 
off,  while  most  of  the  hydrogen  fluoride  remains  to  the  last.  Its  salts 
are  decomposed  in  a  corresponding  way  when  they  are  heated.  This 
acid  is  used  in  analysis  chiefly  because  its  potassium  and  sodium  salts 
are    amongst   the   few  salts   of  these  metals   which   are   relatively 


J 


522  INOEGANIO  CHEMISTRY 

insoluble  in  water.     The  barium  salt  is  also  insoluble,  but  most  o£  tbe 
salts  of  the  heavy  metals  are  soluble. 

SIHcon  Dioxide.  —  This  substance  may  ba  made  in  the  form  of  a 
fine  white  powder  by  heating  preoipitat«d  silicic  acid.  It  is  found  in 
luany  different  forms  in  nature.  In  large,  transparent,  aix-sided  prisms 
with  pp-aiiiidal  ends  it  ia  known  as  quartz  or  rock  cryataL  When  col- 
oi-ed  by  manganese  and  iron  it  is  railed  amethyst,  when  by  organic 
uiiitter,  smoky  quarts.  A  special  aiTaugement  of  the  structure  gives 
cat's  eye.  Aniorphous  forms  of  the  same  material,  often  eolored  brown 
or  red  with  ferrie  oxide,  are  agate,  jasper,  and  onyx,  the  la.st  mueh  used 
in  making  cameos.  Infusorial  or  diatojjiaceous  earth  is  composed  of  the 
testa  of  minute  organisms.  Slightly  hydrated  forms  of  sihca  are  the 
opal  and  flint.  A  crystalline  variety  belonging  to  the  hexagonal  sys- 
tem, but  showing  entirely  different  crystalline  forms,  occurs  occasion- 
ally in  minute  crystals,  and  is  called  trldymite. 

Silicon  dioxide,  although  differing  profoundly  from  carbon  dioxide 
in  its  physical  nature,  nevertheless  behaves  like  the  latter  chemically. 
Thus,  when  boiled  with  potassium  hydroxide  solution  {cf.  p.  482),  it 
forms  potassium  orthosilicate : 


SiOj  -I-  4KOH  -»  K.SiO,  -I-  2H,0. 


The  salt  is  left  as  a  gelatinous  solid  ("soluble  glass  ")  when  the  water 
is  evaporated.  The  silioates  of  potassium  and  sodium  may  also  be 
obtained  by  boiling  sand  with  the  carlwnatcs  of  these  metals,  carbon 
dioxide  being  displaced.  They  are  produced  more  rapidly,  however, 
as  metasilicates  (see  below),  by  fusing  the  sand  with  the  alkali 
carbonates : 

SiO,  +  K,CO,  ^  K,SiO,  +  CO, 

Silica  is  found  in  the  hard  parts  of  straw,  of  some  species  of  horse- 
tail {f'juhetum),  and  of  bamboo.  In  the  form  of  whetstones  it  is  used 
for  grinding.  The  clear  crystals  are  employed  in  making  spectacles 
and  optical  instruments.  Pure  sand  is  used  in  glass  manufacture 
(y,w.).  Infusorial  earth,  on  account  of  the  tubular  form  of  many  of  the 
minute  structures  of  which  it  is  composed,  can  absorb  three  times  its 
own  weight  of  nitroglycerine,  and  is  therefore  employed  in  making 
dynamite.  Recently,  small  pieces  of  uhemie-al  apparatus  have  Ijeen 
manufactured  by  fusing  quartz  in  the  oxybydrogen  flame.  The  mate- 
rial is  very  difficult  to  work,  on  account  of  its  infusibility ;  but  owing 
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to  the  low  coefficient  of  expansion  uf  silica,  the  vessels  fashioned  out 
of  it  can  be  heated  or  cooled  as  suddenly  as  we  choose,  without  risk  of 
fracture. 

Silietc  AcM-  —  When  acids  are  added  to  a  solution  of  sodium  sili- 
cate, silicic  acid  is  set  free.  After  a  little  delay  it  usually  apjieais  as  a 
gelatinous  precipitate.  When,  however,  the  silicate  is  poured  into 
strong  hydrochloric  acid,  no  precipitation  occurs.  The  silicic  acid 
remains  in  colloidal  solutioa  (see  helow).  The  acid  before  precipi- 
tation is  supposed  to  be  orthosilicic  acid : 

Na^SiO^  +  4HC1  —  4NaCl  -|-  Si(OH)„ 
Na,SiO,  -I-  2HC1  +  H,0  -,  2NaCl  +  Si(OH)« 

but  the  gelatinous  precipitate  when  it  has  been  dried  contains  a 
smaller  proportion  of  the  elements  of  water.  There  seem  to  be  no 
definite  afaiges,  indiciiting  the  existence  of  various  acids,  such  as  we 
observe  with  phosphoric  acid.  We  should  expect  the  vapor  tension  of 
the  water  to  decrease  by  steps,  each  of  which  should  correspond  to  some 
acid  of  a  particular  degree  of  hydration  (<■/.  p.  122),  but  nothing  of  the 
sort  is  observed.  The  final  product  of  drying  is  the  dioxide.  A  jelltf 
of  the  kind  described  above  is  called  a  bydrogele.  A  Kfilutimi  such  as 
that  containing  dissolved  silicic  acid  is  called  a  bydrosole. 

Silicic  acid  is  a  very  feeble  acid,  and,  therefore,  gives  no  salt  with 
ammonium  hydroxide.  For  the  same  reason  silicic  acid  can  be  com- 
pletely displaced  from  its  salts,  even  by  so  weak  an  acid  as  carbonic  acid. 
Since  the  water  in  some  geyser  regions  contains  alkali  silicates,  the  action 
of  the  carbon  dioxide  in  the  air  catises  deposition  of  silica  round  the 
places  where  the  water  issues  from  the  ground.  This  form  is  known 
as  Bllicioua  sinter.  Striking  scenic  effects,  as  in  the  white  and  pink 
terraces  of  Xew  Zealand,  are  sometimes  produced  by  this  method  of 
deposition. 

Colloidal  Solution,  —  Silicic  acid  in  colloidal  solution  can  be 
from  the  other  dissolved  substances  by  a  method  dis-j 
capered  by  Graham  and  called  dialyBis.  The  solution  is  placed  in 
ft  vessel  whose  bottom  is  composed  of  vegetable  parchment,  or  some 
animal  membrane,  and  the  whole  is  hung  in  a  vessel  of  water.  Salts 
which  may  be  present  pass  slowly  through  the  membrane  into  the 
water  outside,  and,  when  the  latter  is  frequently  changed,  all  of  the 
material  of  this   class    in    the    solution    may  finally  be    rer 
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The  silicic  acid,  however,  remains  confined  in  the  cell  Sabstances 
possessing  the  ability  to  pass  through  a  membrane  are  usually  crj-stal- 
line,  and  in  the  present  connection  are  therefore  called  cryataUoids. 
On  tlie  other  hand,  materials  of  a  gluey  nature  are  unable  to  traverse 
the  partition,  and  are  named  colloida.  This  behavior  must  not  be 
confused  with  that  in  which  a  serai-permeable  membrane  (p,  284)  is  in 
question.  In  the  latter  case  iill  dissolved  substances  are  equally 
unable  to  penetrate  the  membrane. 

A  pure  aqueous  sohition  of  a  colloid  lacks  the  properties  charac- 
teristiu  of  solutions.  It  btMls  aitd  freezes  at  the  same  temperature  as 
the  pure  solvent,  and  independent  evidence  shows  that,  although  in 
too  fine  a  state  of  division  to  l>e  retained  by  a  filter  paper,  the  coUoid 
is  nevertheless  simply  suspended  in  the  liquid. 

Colloidal  solutions  of  other  sulistances  which  are  insoluble  in  water, 
such  as  ferric  hydroxide,  aluminium  hydroxide,  and  starch,  and  even 
of  metals  Uke  gold,  silver,  and  platinum,  can  likewise  be  made. 


SUieate»,  —  While,  in  the  absence  of  definite  knowledge,  silicic 
acid  is  presumed  to  be  the  ortho-acid  Si(OH)„  and  no  other  silicic  acids 
have  been  made,  the  salts  are  most  easily  classified  by  imagining  them 
to  be  derived  from  various  acids  representing  different  degrees  of  hy- 
dration of  the  dioxide,  or,  to  put  it  the  other  way,  different  degrees  of 
dehydration  of  the  ortho-acid.  The  following  equations  show  the  rela- 
tion of  the  ortho-acid  to  some  of  the  silicic  acids  whose  salts  are  most 
commonly  found  amongst  minerals  : 


H.SiO^  -  H,0  -» HjSiO, 
2H,8iO,  -  H,0  -^  H,S,0, 
2H,SiO,-  3H,0  —  H,Si,0„ 
3H«SiO,-4H,0  -» H.Si,0, 


Metasilicic  acid. 
Disilicin  acids. 
Trisiliuic  acid. 


t 


l>i-  andtrisilicates  are  those  derived  from  acids  containing  two  and  three 
units  of  silicon,  respectively,  in  the  formula. 

The  composition  of  minerals  is  often  exceedingly  complex.  This  is 
due  to  the  fact  that  amongst  them  mixed  salts  (p,  359)  are  exceedingly- 
common,  in  which  the  hydrogen  of  the  imaginary  acid  is  displaced  by 
two  or  more  metals  in  such  a  way  that  the  total  quantity  of  the  inetal8 
is  equivalent  to  the  hydrogen.  The  following  list  presents  in  tabular 
form  some  typica.1  or  common  minerals  arranged  according  to  the 
above  mentioned  classification ; 
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OrthosilicateB  (HjSiO^) 


Metaailicates  (H,SiO,) 


Disilicate  (H.S^O,) 
Trisilieate  (H,Si,0,) 


■  Zircon,  ZrSiOj 
Garnet,  Ca,Fe5"'(SiOj), 
Mica,  KH,A.l,(SiO,), 
KaoliE,  H,Al,(SiO<)„H,0 

■  Wollastouite,     CaSiO, 
Beryl,  Gl,Al,(SiO,)« 
Enstatite,  MgSiO, 
Horublende  and  augite 

Serpentine,  JIg,SijO„ 
Orthoclase  (feldspar),  KAlSi,0, 


It  will  be  seen  that  the  total  valence  of  the  metal  units  is  equal  to  that 
of  the  acid  radicals.  Thus,  in  beryl  there  are  six  equivalents  of 
glucinum  (beryllimn)  and  six  of  alumiuiuin,  taking  tiie  phuje  of  twelve 
units  of  hydrogen  in  (H,SiO,)j. 

Mica,  which  is  obtained  in  large  sheets  from  Farther  India,  is  used] 
in  making  lamp-cbimneys  and  as  an  insulator  in  electrical  apparatus. 
Kaolin,  or  clay,  like  mica,  is  an  acid  orthosilicate.  It  is  formed  in 
nature  as  the  result  of  the  action  of  water  and  carbonic  acid  ufwn 
minerals  like  feldspar.  In  such  cases,  those  elements  which  can  form 
carbonates,  like  potassium,  magnesium,  and  calcium,  are  usually  die 
placed  from  combination  with  the  silicic  acid.  Aluminium,  however,  is 
too  feeble  a  base  to  form  a  carbonate,  and  is  thus  left  in  combination 
as  silicate.  A  clay  containing  lime  ia  called  a  marl,  and  one  contain- 
ing sand,  a  loam. 

Some  of  these  minerals  frequently  occur  mixed  together  as  regular 
components  of  certain  igneous  rocks.     Thus,  gTaiiite  is  a  more  or  less 
coai-se  mixture  of  quartz,  mica,  and  feldspar.     Frequently  the  oblong, 
flesh-colored  or  white  crystals  of  the  last  are  large  and  very  conspicu- 
ous.    In  baialt  and  porphyry  the  components  are  usually  more  inti- 
mately mixed  and  less  easily  \n3ible  to  the  eye.     Lava  is  the  name  for 
any  rock  recently  ejected  from  a  volcano.     Pumice- a  tone  is  the  name 
given  to  the  parts  of  the  lava  which  are  porous,  having  acquired  thisj 
texture  from  the  expansion  of  Vrtibblcs  of  gas  consequent  upon  release-l 
of  pressure.     Sandstoae  is  composed  of  sand  cemented  together  by  clay  I 
or  by  calcium  carbonate,  and  colored  brown  or  yellow  by  ferric  oxide. 

Since  many  silicates  are  not  affected  by  acids,  or  at  least  are  affected 
with  extreme  slowness,  special  means  have  to  be  taken  to  get  the  con- 
stitueuts  of  such  mioeialB  into  soluble  form  for  the  purpose  of  analj 


Two  raethotla  are  in  use.  Sotuetimea  the  lioely  powdered  mineral  is 
heated  in  it  phitinmu  dish  witli  hydrofluoric  aeid  until  all  the  silicon 
has  passed  off  in  the  form  of  the  tetrafluoride.  Since  the  use  of  the 
fluorides  would  lead  to  diflicidties  in  the  course  of  the  analysis,  the 
resulting  mixture  of  fluorides  of  the  metals  is  next  heated  strongly 
with  concentrated  sul]>linrie  acid,  and  the  mixture  of  sulphates  thus 
produced  is  treated  according  to  the  usual  routine.  In  other  cases  the 
finely  powdered  mineral  is  fused  at  a  white  heat  with  a  mixture  of 
potassium,  and  sodium  carhonates.  In  this  way  carhonatea  of  the 
metala  are  formed,  along  with  potas.sium  and  sodium  silicate.  Treat- 
ment with  water  dissolves  the  latter,  and  leaves  the  carbonates  to  be 
liandled  in  the  usual  way. 

BoBON. 

As. regards  obemioal  relationii,  Imron,  being  a  uniformly  trivalent 
element,  ia  a  member  of  the  aluminium  family.  Yet  it  is  a  pronounced 
nott-metal,  aud  its  oxide  and  hydroxide  are  almost  wholly  acidic  j 
aluminium  ia  a  metal,  and  with  its  oxide  and  hydroxide  basic  proper- 
ties predominate.  Boron  and  its  compounds  really  resemble  carbon 
and  silicon  and  their  compounds  in  all  chemical  properties  except  the 
proj>erty  of  valence. 

fieeurrence.  —  Like  silicon,  boron  is  found  in  oxygen  compounds, 
namely,  in  boric  acid  (</■"■)  and  its  salts.  Of  the  latter,  sodium  tetra- 
borate NiijBjO,,  or  boras,  came  first  from  India  under  the  name  of  tin- 
eal.  It  coustitutes  a  large  deposit  in  Borax  Lake  in  (^'alifornia.  Cole- 
raanito,  Ca^BgO,,,  5HjjO,  from  CaHfurnia,  and  other  comjdex  borates, 
furnish  a  large  part  of  the  commercial  supply  of  compounds  of  boron. 

Prepnration.  —  When  boric  oxide  is  heated  with  powdered  mig- 
nesium  (BjO, -|- 3JIg— >.'?MgO -)- 2B),  amorjdious  boron  can  \m  sep- 
arated with  some  difflculty  from  the  borides  of  magnesium  in  the 
resulting  mixturs.  When  excess  of  powdered  aluminium  is  used,  hard 
crystals  of  Iwron,  containing  abuninium,  are  found  in  tlie  solidified 
metal.  They  may  be  separated  by  interaction  of  the  metal  with  dilute 
hydrochloric  acid. 

^^P  Fropertten, —  Amorphous  boron  is  a  black  powder.  It  unites 
W  wit.h  the  same  elemeuta  as  does  silicon  (p.  510),  but  with  somewhat 
I         greater  activity.     Like  carbon  (p.  379),  it  is  also  oxidised  by  hot,  con- 
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centrated  sulphuric  or  nitric  acid,  the  product  being  boric  acid.  The 
crystalline  variety  is  less  rapidly  attackeil  in  each  c^se.  Both  kinds 
interact  with  fused  potassium  hydroxide,  giving  a  borate : 

2B  +  6K0H  -^  2K,B0,  +  SH, 

Hydrides  and  Halidea  of  Boron,  —  When  magnesium  boride 
Mg,B,  is  treated  with  liydrochloric  acid,  a  gas  containing  much  hydro- 
gen, and  possibly  several  hydrides  of  boron,  is  given  off.  By  cooling 
the  mixture  with  liquid  air,  Rarasay  obtained  a  white  solid  which, 
when  it  resumed  the  gaseous  condition,  appeared  to  be  B,H,. 

By  combined  action  of  carbon  and  chlorine  on  boric  oxide,  using 
the  principle  employed  in  prepai'ing  silicon  tetrachloride  (p.  520),  the 
trichloride  of  boron  may  be  made.  It  is  likewise  formed  by  direct 
union  of  the  free  elements.  It  is  also  made  easily  by  heating  boric 
acid  and  phosphorus  pentacbloride,  the  action  being  an  example  of  the 
behavior  of  the  latter,  towards  hydroxyl  compounds  (cf.  p.  463)  : 

B(OH),  +  SPClj  -.  BCl,  +  3P0C1,  +  3HC1. 

The  products  are  uepai-ated  by  fractional  distillation.  Boron  trichloride 
is  a  liquid  which  boila  at  18°,  fumes  strongly  in  moist  air,  and  is  com- 
pletely hydrolysied  by  water. 

Boron  trifluorlde  BF,  is  made  by  the  interaction  of  t^alcium  fluoride 
and  sulphuric  acid  with  boron  trioxide.  The  mode  of  preparation  and 
the  properties  of  the  substance  recall  silicon  tetrafluoride  (p.  521).  It 
interacts  with  water,  like  the  latter,  giving  boric  acid  and  hydrofluo- 
oonc  Ado. ' 

4BF,  +  3H,0 ->  B(OH),  +  311BF,. 

The  boric  acid,  not  Ijeing  very  soluble,  is  precipitated.  Hydroflnoborlo 
acid  is  known  only  in  solution,  although  many  of  its  salts  are  stable. 

Bnric  Add.  —  Boric  acid  (twracic  acid)  is  somewhat  volatile  with 
steam  {>•/.  p,  471),  and  is  found  in  Tuscany  in  jets  of  wat«r  vapor 
(foffioni)  which  issue  from  the  ground.  Water,  retained  in  small 
basins  by  brickwork,  is  placed  over  the  ojienings,  and  from  this  water, 
after  evaporation  by  the  help  of  the  steam  of  the  soffioni  themselves, 
boric  acid  is  obtained  in  crystalline  form.  As  boric  acid  is  very 
feeble,  and  withal  little  soluble,  it  may  also  be  made  by  interaction  of 
sulphuric  acid  and  concentrated  borax  solution  : 

Na^B^O,  +  HjSO,  +  5HjO  Uf  Na,SO,  +  4H,B0, 1. 
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Boric  acid  crystallizes  from  water  in  thin  white  plates,  which  are 
Boapy  (like  graphite  and  talc)  to  the  touch.  Its  solubility  in  water  is  4 
parts  in  100  at  19°  and  34  in  100  at  100°.  The  solution  scarcely  affects 
litniES.  It  confcre  a  gi'een  tint  on  the  Buiisen  flame.  The  effect  ia 
best  seen  by  setting  fire  to  the  vapor  of  a  boiling  alcoholic  solution  of 
the  acid.  This  behavior  is  used  as  a  teat  for  the  acid.  At  100''  the  acid 
slowly  loses  water,  leaving  metaborlc  acid  HBO,,  and  at  140"  tetra- 
boric  acid  is  formed :  4HB0j,  —  HjO  — *  HjB,0,.  Strong  heating  gives 
the  oxide  BjO,,  When  dissolved  in  water,  theae  dehydrated  compounds 
revert  to  boric  acid.  The  solution  of  boric  acid  in  water  is  used  aa  an 
antiseptic  in  medicine,  and  aa  a  preservative  for  milk  and  other  foods. 

Borafeg.  —  Borates  derived  from  orthoboric  acid  are  practically 
uaknown.  The  most  familiar  salt  is  borax  or  aodium  tetraborate. 
The  deoahydrate  Na^B^O,,  1011,0,  which  crystallizes  from  water  at  27° 
in  large,  transparent  prisms,  and  the  pentahydrats  which  crystallizes 
at  56°,*  are  both  marketed.  They  are  made  by  crystallization  of  native 
borax.  In  Germany,  borax  is  prepared  from  boracite,  found  at  Stass- 
furt,  by  decomposing  a  solution  of  the  mineral  with  hydrocldorie  acid  : 

MgCl,,  2Mg,B,0„  +  12HCI  +  18H,0  ->  TMgCI,  +  IGB(OH),. 

The  boric  acid  ia  redissolved  in  Ixjiling  water,  and  sodium  carbonate 
is  added  : 

4B(0H),  -I-  Na,CO,-»N^B,0,  +  6Ufl  +  CO,. 

In  California  it  is  made  from  colemanite  by  interaction  with  sodium 
carbonate. 

Since  boric  acid  is  a  feeble  acid,  borax  is  extensively  hydrolyzed  by 
water,  and  the  solution  has  a  marked  alkaline  reaction. 

When  heated  with  oxides  of  metals,  aodium  tetraborate  behaves 
like  sodium  metAphosphate  (c/.p.  4C8),  and  is  used  in  the  form  of  beada 
in  analysis.  If  its  formula  be  written  2NaB0j,Bj0„  it  wiU  be  seen 
that  a  considerable  excess  of  the  acid  anhydride  is  contained  in  it,  and 
that,  therefore,  a  mixed  metaborate  may  be  formed  liy  union  with 
some  basic  oxide.  Thus,  with  a  ti'ace  of  cupric  oxide,  the  bead  ia 
tinged  with  green,  from  the  presence  of  a  compound  like  2NaBOj, 
('u(HOj)j.  Cobalt  compounds  give  a  deef>-blue  color  to  the  Ivejid.  For 
the  same  reason,  borax  ia  used  in   hard  soldering.     The  hard  solder 

*  For  ezpbuiatloii  of  the  relation  of  temperatnre  of  cryslalUKaUon  to  degree  of 
hydralion,  see  under  Haiiganotu  sulphate. 
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(brass)  is  placed,  with  a  little  borax,  ufion  the  joint  between  the  objects 
of  copper  or  brass  which  are  to  be  soldered.  At  the  temi>eratvire  pro- 
duced by  the  blast-lainp  the  borax  dissolves  the  superficial  coating  of 
oxides,  and  the  molten  solder  is  able  to  "  wet "  the  eleau  surfaces.  A 
substance  iised  thus,  to  bring  infusible  bodies  into  a  fuiiible  form  of 
combinatioa,  is  called  a  fiuz. 


I  Boron  Trtoxlde,  — The  oxide,  as  made  b)'  heating  boric  acid,  is  a 
glassy  white  solid.  It  is  obtained  also  by  buniiiig  hm>n  in  oxygen. 
Being  almost  perfectly  iiivolatile,  it  is  able,  when  heated  with  salts,  to 
displace  other  aciil  anhydrides  which  can  be  vaporized  : 

K,SO,  +  B,O,fi2KB0j  +  SOj. 

tt  has  a  slight  tendency  to  act  as  a  basic  oxide.  With  fuming  sul- 
phuric acid  it  gives  a  boryl  pyrosulphate  B(>,HS.O,  which  is  decom- 
posed by  water,  and  with  phosphoric  acid  a  phosphate  BPO,  which  is 
stable. 

Nitride  and  Carbide. —  One  of  the  difficulties  in  making  free 
boron  is  due  to  its  very  great  affinity  for  nitrogen,  with  which,  when 
heated  in  the  air,  it  unites  to  form  a  nitride  UN.     This   compound  ia 
lore  easily  made  by  heating  borax  with  ammonium  chloride  : 

Na,Bp,  -t-  4NH,C1  -» 4BK  -|-  2KaCl  +  7H,0  +  2HCL 

The  nitride  is  a  white  solid  which  is  easily  decomposed  when  heated 
in  a  cm-rent  of  steam  {rf.  p.  417) : 

BN  -I-  3H,0  -^  B(OH).  +  NH^ 

A  carbide  of  boron  B^C  is  made  by  heating  the  free  substances  in 
the  electric  furnace.  It  is  harder  than  oarbonmdumj  and  stands 
next  to  the  diamond  in  reapect  to  hardness. 

Erereltteg.  —  1.  Why  is  the  fact  that  carborundum  is  not  affected 
by  water  or  acids  worthy  of  mention  ? 

2.  Compare  and  (jontrast  the  elements  carbon  and  silicon,  and 
their  corresponding  compounds. 

3.  ^Vhy  ai-e  there  no  colloidal  solutions  of  iron  and  zinc  (p.  524}  ? 

4.  What  would  be  the  interaction  between  afiueons  solutions  of  an 
ammonium  salt  and  of  sodium  orthosilicate  ? 
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Thkrk  are  two  ways  in  which  the  chemistiy  of  a  given  aet  of  ele- 
Bnts  may  be  described.  We  inay  tiike  up  the  elements  in  succession, 
and  discuss  under  each  its  physical  aud  chemical  properties,  and  the 
manufacture  and  behavior  of  a  certain  number  of  its  compounds,  such 
aa  the  oxide,  hydroxide,  nitrate,  and  sulphate.  Or  we  may  arrange  our 
major  classification  acconling  to  the  properties  and  the  forms  of  com- 
biuatjon,  and  detail  the  facts  about  the  same  set  of  elements  under 
each.  Both  methotla  have  such  advantages  that  neither  can  be  sacri- 
ficetl  entirely.  We  shall,  therefore,  adopt  the  former  plan  for  oui-  divis- 
ion into  chapters,  following  the  usage  already  employed  for  the  non- 
metals.  In  the  present  chapter  a  preliminary  view  of  the  chemistry 
of  the  uietals  will  be  given  accoi-ding  to  the  second  method. 

Phffftical  Properties  of  tfie  Metalit.  —  A  knowledge  of  the  phys- 
ical properties  of  the  metals  is,  to  the  chemist,  of  the  greatest  impor- 
tance in  connection  with  their  manufacture  and  treatment.  The 
following  brief  statement  in  regard  to  some  of  these  properties  is  illus- 
trative rather  than  exhaustive.  It  should  be  noticed  that  the  properties 
of  a  metal  vary  according  as  the  specimen  hag  been  prepared  by  roll- 
ing, casting,  or  some  other  process.  Numerical  values,  therefore,  when 
given,  are  only  approximate. 

Metals  show  what  is  commonly  called  a  metalllo  luster,  Imt,  as  a 
rule,  they  do  so  only  when  in  compact  form.  Magnesium  and  alumin- 
ium exhibit  it  when  powdered,  but  most  of  the  metals  when  in  this 
condition  are  black.  In  compact  masses  the  metals  are  usually  silvery 
white  in  color.  Gold  and  copper,  which  are  yellow  and  red  respect- 
ively, are  the  conspicuous  exceptions. 

The  metals  can  all  be  obtained  in  orfstallized  form,  when  a  fused 
mass  is  allowed  to  cool  slowly  and  the  unsoliditied  [lortion  is  poured 
off.  In  .ahunst  all  cases  the  crystals  belong  to  the  regular  system. 
With  tlie  metals  most  nearly  allied  to  the  non-metals,  however,  they  do 
not.  Thus,  the  crystals  of  antiuiouy  and  hismutli  l>elong  to  the  hex- 
agonal system,  and  those  of  tin  to  the  square  prismatic. 
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The  metals  vary  in  BpeciGc  gravity  from  lithium,  which  is  little 
more  tlian  half  as  heavy  as  water  (sp.  fp:.  0.59),  to  osniiuni,  whose 
specitie  gravity  is  22.5.  ThcK^e  whioh  have  a  specifir;  gravity  leas  than 
5,  namely,  potassium,  sotliura,  calcium,  maguesium,  aluminium,  aiid 
liarium,  are  called  t!ie  light  metals,  aud  the  others  the  heavy  metals. 

Most  metals  are  malleabla,  aud  can  be  beaten  into  thin  sheets  with- 
out lo.'is  of  continuity.  Those  which  are  allied  to  the  non-metals,  how- 
ever, such  as  arsenic,  antimony,  aud  bismuth,  are  brittle,  and  can 
be  reduced  to  powder  in  a  mortar.  Zine  becomes  malleable  only  when 
heated  to  150°.  The  order  of  the  elements  in  respect  to  this  property, 
beginning  with  the  most  malleable,  is :  Au,  Ag,  Cu,  Su,  Pt,  Ph,  Z», 
Fe,  Ni. 

The  tenacity  of  the  metals  places  them  in  an  order  different  from 
the  above.  It  is  measured  by  the  number  of  kilograms  whidi  a  piece 
of  the  metal  1  sq.  mm.  in  section  c^iu  sustain  without  brtraking.  The 
values  are  as  follows  ;  Fe  G2,  Cu  42,  Pt  34,  Ag  29,  Au  27,  Al  20,  Zu  5, 

2. 

The  hardneBB  is  measured  by  the  ease  with  which  the  material  may 
be  disintegrated  by  a  sharp,  hard  instrument.  Potassium  is  as  soft  as 
wax,  while  chromium  is  hard  enough  to  cut  glass. 

The  temperature  at  which  the  metal  faaea  has  an  important  bearing 
on  its  manufacture.  Most  of  the  following  meltiug-i>0Lnts  are  only 
approximate : 


Mercury  .     . 

-40= 

Zinc  .      .      . 

420° 

Cart  iron  .     . 

1160" 

PotftBuium      . 

62" 

Atilinionv     . 

437'> 

Nickel .     .      . 

imy 

Stwiium 

Ofto 

Ahiiiiiuium  . 

70o°(:') 

I'latiiiuui  , 

i7eo« 

Ti.i      ,      .      . 

2.W 

Miigiiesium  . 

ToO'" 

Iron  (pure)    . 

1800» 

Bisiimth   .      . 

2iM° 

Silver 

1*64° 

Manganese    . 

1000° 

CndiuiuQi 

S'M'' 

Copper    . 

10.77'^ 

Chrouilum     . 

2(KNf 

Lead   .      .      . 

82fl» 

Gold .     .     . 

!((76° 

Jridiuiu    . 

220r 

It  will  be  seen  that  mercury  is  a  liquid,  that  potassium  and  sodium 
melt  below  the  boiling-point  of  water,  and  that  the  metals  down  to  the 
foot  of  the  second  column  can  be  melted  easily  with  the  Hansen  flame. 
The  metals  osmium,  molybdenum,  uraniiun,  tungsten,  and  vanadium 
have  melting-points  above  the  melting-point  of  platinum. 

The  methods  of  manufacture  and  the  trejitment  of  metals  are  much 

influenced  also  by  their  votatiUty.     The  following  are  easily  distilled: 

Mercuiy,  b.-p.  357";  potassiiun  and  sotlium,  b.-p.  about  700°  ;  cadjuium, 

nb.-p.  770";  zinc,  b.-p.  950°.     Even  the  most  involatile  metals  can  be 

oonverted  into  vapor  in  the  electric  arc. 
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In  many  cases  molten  metals  dissolve  in  one  another  freely.  Tli( 
mixtures  are  called  aUoyH,  and  in  some  cases  have  the  properties  of 
solid  solutions.  SomeUmea,  as  ia  the  case  of  leiid  and  tin,  mixtures  can 
be  formed  in  all  proportions.  On  the  other  hand,  the  solubility  may  be 
limited,  as  in  the  case  of  zinc  and  lead,  where  only  1,6  parts  of  the 
fonner  dissolve  in  100  parts  of  the  latter.  The  colors  of  alloys  are 
not  the  average  of  those  of  the  oonstituents.  Thus,  a  mixture  contain- 
ing copper  with  30  per  cent  of  tin  ia  perfectly  white,  A  similar  aiix- 
ture  with  30  per  cent  of  zinc  is  pale  yellow.  The  nickel  alloy  used  in 
coining  contains  To  jier  cent  of  copper  and  25  per  cent  of  nickel,  yet  it 
shows  none  of  the  f^olor  of  the  former.  Thirty  per  cent  of  gold  may 
be  added  to  silver  without  conferring  any  yellow  tint  upon  it. 

Some  of  the  properties  of  alloys  are  classifiable  by  the  ordinary 
laws  of  solution.  Thus,  a  foreign  body  lowers  the  vapor  tension  of  a 
solvent  (p.  Itil),  and  so  the  presence  of  ;»  foreign  metal  diminishes  the 
ease  with  which  particles  can  Ite  torn  from  the  surface  by  any  means 
whatever.  That  is  to  say,  it  increases  the  hardness.  A  foreign  metal 
also  lowers  the  melting-point  (p.  163).  In  many  cases  the  metal  be- 
comes less  active  when  alloyeil.  Thus,  a  mixture  of  gold  and  silver 
containing  twent}'-tive  per  cent  of  the  latter  does  not  interact  visibly 
with  nitric  acid.  It  is  necessary  to  bring  the  amount  of  silver  up  to 
75  per  cent  at  least  ("quartation  ")  in  oitter  that  the  silver  may  be 
freely  attacked  by  t!ie  wai'ui  acid.  The  gold  remains  in  any  case  un- 
touched. The  malleability  and  the  conductivity  for  heat  and  elec- 
tricity are  diminished  by  addition  of  a  foreign  metal.  Copper,  whoae 
commercial  applications  depend  largely  on  the  first  and  third  of  these 
properties,  is  much  affected  in  respect  to  them  by  the  presence  of  even 
small  traces  of  impurities. 

Alloys  in  which  mcnniry  forms  one  of  the  components  are  known 
;is  amalgama  (Gk.  fniXayfui,  a  soft  mass),  and  are  formed  with  especial 
ease  by  the  lighter  metals.  Of  the  common  metals,  iron  is  the  least 
miscible  with  mercury. 

The  good  eondactlvlty  of  metals  for  electiiclty  distinguishes  them 
■with  some  degree  of  sharpness  from  the  non-metals.  They  show  con- 
siderable variation  amongst  themselves,  silver  conducting  sixty  tiniea 
as  well  as  mercury.  The  conductivity  increases  as  the  temperature  is 
lowered,  and  tliis  fact  is  taken  advantage  of  in  the  measurement  of  the 
temperature  of  liquefied  gases.  The  platinum  resistance  thermometer 
consists  chiefly  of  a  wire  of  platinum.  The  resistance  of  thiB  metjtl 
dimiaishes  so  rapidly,  with  decreasing  temperature,  that  measuiemeDt 
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Nickel,  cast  . 

.     ,  7.59 

Iron,  drawn 

.      .  7.65 

Flatluum 

,  5.7-8.4 

Steel   .     .     . 

.     .  6.43 

Lead        .     . 

.     .  4.6a 

Mereiwy  . 

.     .  1.040 

t 


of  its  resistance  can  be  used  for  the  accurate  determination  of  the  teiii- 
peratiire.  In  the  following  talile  the  couductivitiea  of  the  metals  are 
expressed  in  terms  of  the  number  of  meters  of  wire  1  sq,  nim.  in  sec- 
tion whichj  at  15°,  offer  a  resistance  of  one  ohm: 


Siber,  ciasl  ....  82.89 
Copper,  commercial  .  67.40 
Gflld,  cast  ....  40.30 
AlaniiDiani,  cummercial  31.62 
ZtncrollBd  ....  16.96 
Brass       .      .      .      .      .14,17 


The  resistance  at  0'  of  a  column  of  mercury  1  sq.  mm.  in  section 
and  1.063  meters  long  is  called  the  ohm,  and  is  employed  in  express- 
ing the  conductivitiea  of  Bolutiona  (p.  328),  To  compai-ethe  above  fig- 
ures with  those  given  for  solutions,  however,  it  must  be  recalled  that, 
in  the  measurement  of  the  conductivities  of  the  latter,  a  column  only  1 
cm.  in  length  and  of  1  sq.  cin,  area  was  employed,  so  that  the  figui-es 
representing  the  conductivities  of  sohitions  are  on  a  scale  approxi- 
mately ten  thousand  times  as  great  as  those  presented  in  the  above 
table.  Thus,  normal  hydrochloric  acid  (p.  328)  has  a  couductivitj'  on 
ibe  above  scale  of  0.0301,  or  less  than  a  tliirtietb  of  that  of  mercury 


General    Chemical  ttetationx  of  the   Metallic    Elements. — 

Since  moat  of  the  compounds  of  the  metals  are  ionogens,  their  solution*, 
except  when  the  metal  is  a  part  of  a  compound  ion  or  of  a  complex  ion 
(see  below),  all  contain  the  metal  in  the  ionic  state,  and  the  resulting 
substances,  such  as  kaUon  and  cuprion,  have  constant  proi>ej-tiea, 
irrespective  of  the  nature  of  the  negative  ion  with  which  they  may  be 
mixed.  The  properties  of  the  ions,  simple  and  comjKiund,  are  much 
used  in  making  tests  in  analytical  chemistry.  On  the  other  hand,  the 
chemical  pro)>erties  of  the  oxides  and  of  the  salts  in  the  tirif  state  are 
of  importance  in  connection  with  metallurgy. 

There  are  six  chemical  propertleH.  which  are  more  or  less  generally 
characteriBtic  of  the  metallic  elementa.  The  first  two  of  them  have 
already  been  discussed  somewhat  fully. 

1.  The  metals  are  able  by  themselves  to  form  pnaiiive  radicals  of 
salts,  and,  therefore,  to  exist  alone  as  positive  loos  (pp.  337,  404). 

2.  The  oxides  and  hydroxides  of  the  inetals  are  basic  (pp.  119,  4<W). 

3.  The  halogen  compounds  of  the  ti/pieal  meta,ls  are  little,  if  at  aU, 
hydrolyzed  by  watef  (sec  next  section). 
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Thest^  three  properties  are  characteristic  of  all  metals,  and  form  the 
Ijosis  of  the  lUstinctiou  Itetweeu  metals  and  non-metab.  The  remaining 
three  apply  to  many  metals,  but  no  one  of  them  applies  to  all, 

i.  An  oxide  or  hydroxide  which  ia  lasic  may  also  be  acidic,  as,  for 
example,  ziup  hydroxide  (p.  405),  Even  when  this  is  not  the  case, 
some  other  oxide  of  the  metal  may  be  acidie  eselusively,  as  is  manga- 
nese heptoxide  (p.  405),  In  consequence  of  either  of  these  facts,  a 
metal  may  form  part  of  the  negative  radical  of  a  simple  salt,  and  there- 
fore be  found  in  a  negative  ion,  as,  Zn(y  or  MnO,'. 

5.  Some  salts  of  certain  metals  combine  with  those  of  others  to 
givB  complex  salts  (p.  363  and  next  section  but  one).  Of  this  sort  are 
the  complex  cyaiiid<"s,  such  as  K,Ag(CN),  and  K^,Fe(CN),.  A  metal 
thus  forms  part  of  the  negative  riulical  of  a  salt  of  a  complex  acid, 
and  tliei-efore  is  found  in  an  anion  like  Ag(CN)j'  or  PtCl/'. 

6.  Some  metals  also  form  parts  of  complex  cations  which  are  con- 
tained in  solutions  of  molecular  compounds  (p.  443),  chiefly  those  of 
salts  with  ammonia.  Thus,  when  AgCl,  3NH,  is  dissolved  in  water,  or 
wheu  ammonium  hydroxide  is  added  to  a  solution  of  a  salt  of  silver,  the 
positive  ion  is  found  to  he  Ag(NH,)j*  (see  under  Copper).  (For  a  de- 
tailed iIlustr.ition  of  the  application  of  these  six  criteria,  see  discussion 
of  the  chemical  relations  in  the  nitrogen  family.  Chap,  xli.) 

Aside  from  these  points,  many  features  in  the  behavior  of  metals 
and  their  compounds  are  summed  up  in  the  electromotive  series  (p.  362). 
The  reatler  should  re-read  all  the  j«irts  referred  to  above  before  proceed- 
ing farther.  He  should  also  reexamine  the  various  kinds  of  chemical 
clianges  discussed  on  p.  187  and  particularly  the  varieties  of  ionic 
chemical  change  on  p,  3(K), 

JTl/ftff>tf/Klti  of  Ilatogpn  Coinpnunda,  Uned  to  J)infin(jti4nh 
MeUtl»  from  Noii-JHctaln,  —  We  Lave  seen  that  the  halogen  com. 
jiounda  of  phosphorus  (p.  4G3),  of  sulphur  (p,  398),  of  silicon  (p.  621), 
and  of  otiier  non-metals,  are  completely  hydrolyzed  by  water,  giving 
the  hydrogen  haUde,  and  an  acid  which  contains  the  hydroxyl  of  the 
water : 


PCI,  -f  3H0H  ->  3HC1  -I-  P(OH)^ 


4 


Now,  those  elements  whose  halogen  compounds  are  not  hydrolyzed  by 
water,  or,  at  all  events,  are  only  partly  hydrolyzed,  are  the  ones  classed 
as  metals.    Thus,  sodium  chloride  is  not  decomposed  appreciably  by 
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water,  and  cupric  chloride,  like  cupric  sulphate  (p.  344),  is  but  slightly 
bydioljzed,  and  its  solution  has  a  faint  acid  reaction : 

CuCl,  +  2HjOt5  2HCl  4  Cii(OH)j. 

In  a  few  eases,  as  with  the  chlorides  of  antimony  (q.i>.)  and  of  bia^ 
muth  (y.r.),  a  considerable  proportion,  but  not  all,  of  the  halogen  is  re- 
moved from  each  molecule : 

SbCl,  +  H,0fzi2Ha  +  SbOCl|. 

The  resulting  mixture  is  strongly  aeid,  and  the  product  (antimony 
oxychloride)  is  a  definite  compound,  of  the  nature  of  a  mixed  salt 
(p.  359),  known  as  a  basic  salt.  The  difference  is  that,  with  the  halides 
of  the  metalu,  the  action  of  water  is  notably  refers th/e,  while  with  halides 
of  the  jion-mstals  it  is  not  so. 

Hydrolysis  of  the  halides  of  the  metals  is  increased  by  rise  in  tem- 
jierature  and  by  dilution  of  the  solution  (addition  of  more  water),  and 
also  gains  headway  when  one  of  the  products  of  hydrolysis  is  thrown 
down  as  a  precipitate.  The  last  two  influences  are  the  ones  which 
normally  permit  a  reversible  action  to  approach  completion  {p.  269). 

The  halogen  compounds  are  chosen  as  the  basis  of  this  criterion 
because  tlie  halogen  acids  ai-e  active  and  would  reverse  the  hydrolysis 
completely,  and  leave  no  acid  reaction,  if  the  result  dej)cnded  upon 
them  alone.  It  is  the  lack  of  activity  in  the  base,  and  the  ten- 
dency of  its  molecules  to  be  formed  from  the  luetal  ions  of  the  salt 
and  the  OH'  of  the  water  (p.  314),  that  determine  the  slight  hydrolysis, 
when  it  occurs.  Thus,  this  criterion  is  simply  another  means  of  recog- 
nizing whether  or  not  the  hydroxide  of  the  element  is  a  strong  (muoh 
ionized)  base,  and  its  application  gives,  therefore,  the  same  result  in 
each  case  as  does  the  employment  of  the  second  of  the  chemical  chai'ao- 
teriatics  of  metallic  elements  (see  above). 

Other,  non-halide  salts  of  the  metals,  even  of  the  most  active,  may  be 
extensively  hydrolyzed  by  water.  Thus,  sodium  sulphide  is  decomposed 
by  it  (p.  375)  to  the  extent  of  one-half.  But  here  the  solution  is 
alkaline  in  reaction : 

Na^S  +  H,0  ^  NaSH  +  NaOH, 

owing  to  the  small  ionization  of  the  SH'  ion,  and  the  result  is  due  to 
the  feebleness  of  the  acid  (H^S).  Indeed,  the  great  activity  of  the 
base  is  demonstrated  by  the  final  reaction  of  the  solution,  and  the 
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and,  possibly,  radium.  These  metals  are  bivaleot  in  all  their  com- 
pounds. Their  oxides  and  hydroxides  are  strongly  basic,  but  the 
latter  are  not  so  soluble  in  water  as  are  the  hydroxides  of  the  former 
family.     The  salts  with  aijtivu  afids  are  not  hydrolyzed. 

3.  Copper,  Silver,  and  Qold.  —  These  metala  occupy  the  right- 
hand  side  of  the  second  column  of  the  table  (p.  411).  Their  alliance 
with  the  alkali  metils,  tlieir  neighbors,  is  rather  remote.  Each  of 
them,  however,  gives  compounds  in  which  it  is  univalent,  although,  in 
their  commoner  compounds,  copper  and  gold  are  bivalent  and  triva- 
lent,  respectively.  The  oxides  and  hydroxides  of  copper  and  gold  have 
rather  weak  basic  projierties ;   tho.'se  of  silver  are  much  more  active. 

4.  BeryUium,  Magnesiuin,  Zino,  Cadndum,  and  Mercury.  —  These 
metals,  occupying  the  right-hand  side  of  the  third  column,  are  biva- 
lent, although  mercury  forma  a  series  of  compounds  in  which  it  is 
univalent  as  welL  The  oxidt^s  and  hydroxides  are  feebly  basic,  those 
of  magnesium  being  the  most  basic. 

5.  Aiuminitun  and  the  other  metals  on  both  sides  of  the  fourth 
column,  —  The  metals  of  these  groups  are  trivaleut,  aud  the  oxides  and 
hydroxides  are  feebly  basic  iu  cliaracter.  The  hydi'oxide  of  aluminium 
has  also  a  feebly  acidic  tendency. 

6.  Oet-mauiutii,  Tia,  and  Lead,  and  the  Titanium  Family.  —  In  ac> 
cordance  with  their  position  in  the  periodic  table  these  metiils  are  all 
(luatlrivalent.  At  the  same  time  tliey  ai-t  also  as  Iiivalent  elements, 
the  compounds  of  this  class  in  the  case  of  lead  being  the  more  familiar. 
The  oxides  and  hydroxides  are  feebly  basic,  and  are  able  also  to  play 
the  r51e  of  acidic  <jxides  towards  strong  bases. 

7.  Arsenic,  Antimony,  and  Biamotli,  and  the  metals  of  the  Vanadium 
Oroup.  —  These  elements,  like  nitrogen  and  phosphorus,  form  two  sets 
of  compounds  in  which  they  are  trivalent  and  quinquivalent,  respec- 
tively. The  acidic  tendency  of  the  oxides  and  hydioxides,  which  in 
the  last  eolnmn  was  noticeable,  is  here  much  more  pronounced.  Both 
oxides  of  arsenic  are  almost  wholly  acidic  in  behavior,  and  the  i>ent- 
oxides  of  the  other  elements  are  likewise  acid  anhydrides  exclusively. 
The  trioxides  are  basic  in  a  feeble  way,  and  their  salts  are  much  hy- 
drolyzed  by  water. 

S.  Chromium,  Molybdenum,  Tungsten,  and  Uranium.  —  These  ele- 
ments, occupying  the  left-hand  side  of  the  seventh  column,  exhibit  a 
considerable  variety  of  valence.  The  maximum,  however,  is  six  in  each 
case.  The  oxides  of  the  form  CrO  and  CFjO,,  in  which  the  elements  are 
bivalent  and  trivalent,  are  base-forming.    Those  of  the  form  CrO„  in 
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^^Hjfih  the  elemeats  are  sexlvalent,  resemble  sulphui  trioxide  and  are 
■      tsra  anhydrides. 

9.  Mangajiese.  —  This  element,  the  only  one  in  the  eighth  column 
which  has  not  yet  been  treated,  gives  several  series  of  compounds 
in  which  its  valence  varies  from  2  to  7.  Compounds  derived 
from  the  basic  o^ide  MnO  are  the  salts  in  which  manganese  is 
most  distinctly  a  metallic  element.  The  highest  oxide,  MujO,,  is  an 
acid  anhydrida 

10.  Iron,  Nickel,  and  Cobalt  —  These  elements  give  oxides  which 
are  feebly  basic.  Iron  gives  two  extensive  series  of  compounds  in 
which  it  is  bivalent  and  trivalent,  respectively.  Those  of  the  former  set 
resemble  the  bivalent  salts  of  manganese  and  zinc.  Those  of  the  latter 
resemble  the  salts  of  aluminium.  Cobalt  and  nickel  in  most  of  their 
compounds  are  bivalent  elements,  and  the  behavior  recalls  that  of  the 
compounds  of  bivalent  manganese  and  zinc. 

11.  Palladium  and  Platinum  Famillea.  —  The  metals  of  these  fam- 
ilies have  little  chemical  activity,  and  their  compounds  are  ea-sily  decom- 
posed by  heating.  Along  with  gold,  silver,  and  mercury,  which  have 
similar  characteristics,  they  are  sometimes  grouped  together  under  the 

name  of  the  noble  m-etals. 

» 

Occurrence  oftlie  Metala  in  Nature, — The  minerals  from  which 
metals  are  extracted  are  known  as  area.  They  present  a  compara- 
tively small  number  of  different  kinds  of  compounds.  Most  of  the 
metals  are  found  in  more  than  one  of  these  jforms,  so  that  in  the  fol- 
lowing statement  the  same  metal  frequently  occurs  more  than  one*. 

When  the  metal  occurs  free  in  natui*e  it  is  said  to  be  native.  Thus 
we  have  native  gold,  silver,  metals  of  the  platinum  group,  copper, 
mercury,  bismuth,  antimony,  and  arsenic  (ef.  p.  3G2). 

The  metals  whose  oxides  are  important  minerals  are  iron,  man- 
ganese, tin,  zinc,  copper,  and  aluminium.  The  metals  are  obtained 
commercially  from  the  oxides  in  each  of  these  cases. 

The  metals  whose  lulphldea  are  used  as  ores  are  nickel^  colmlt, 
antimony,  lead,  catlmium,  zine,  and  copper. 

From  the  carbonates  we  obtain  iron,  lead,  zinc,  and  copper.  Sev- 
eral other  metals,  such  as  manganese,  magnesium,  barium,  strontiimi, 
and  calcium  occur  in  larger  or  smaller  quantities  ia  the  same  form  of 
combination. 

The  metals  which  occur  as  sulphates  are  those  whose  sulphates  are 
not  freely  soluble,  namely,  lead,  barium,  strontium,  and  calcimn. 
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Coraijounds  of  metals  with  tlie  halogens  are  not  so  nmnerouS. 
Silver  cliloride  furnishes  a  limited  amount  of  silver.  Sodium  auU  jjot- 
aasium  ehlorides  are  fouud  iu  the  salt-teds,  ami  (Tvolite  3NaF,  AlF,  is 
used  in  the  inaiiurai'tririi  of  aluminium. 

The  natural  BllicateB  are  very  numerous,  but  are  seldom  uaed  for 
the  preparation  of  the  metals.  Many  of  them  are  emfdnyed  for  other 
commercial  purposes,  kaolin  (p.  525)  being  a  conspicuous  example  of 
this  ehiss. 

Method*  of  EjctracUon  from  the  Ores.  —  The  art  of  extracting 

metidis  from  their  ores  is  ealled  metallur^.  Where  the  metal  is  naUve, 
the  process  is  simple,  since  melting  away  from  the  matrix  (p.  367)  is  all 
that  is  requii'ed.  Frequently  a  flux  (p.  529)  is  added,  which  combines 
\ntli  the  matrix,  giving  a  fusible  slag.  Since  the  slag  is  a  melted  salt, 
usually  a  silicate,  and  does  not  mix  at  all  with  the  molten  metal,  sepa- 
ration of  the  products  is  easily  effected.  \Mien  the  ore  is  a  com|>oiind, 
the  raetal  has  to  be  liberated  by  furnishing  a  material  capable  of  com- 
bitung  with  the  other  constituent.  The  details  of  the  process  depend 
on  various  circumstances.  Thus  the  volatile  metals,  like  zinc  and 
mereury,  are  driven  off  in  the  form  of  vapor,  and  secured  by  conden- 
sation. The  involatile  metals,  like  copper  and  iron,  run  to  the  bottom  of 
the  furnace  and  are  tapped  off. 

Where  the  ore  is  an  oKide  it  is  usually  reduced  by  heating  with 
carbon  in  some  form.  This  liolds  for  the  oxides  of  iron  and  copper, 
for  example.  Some  oxides  are  not  reducible  by  carbon  in  an  ordinary 
furnace.  Such  are  the  oxides  of  calcium,  strontium,  barium,  magnesium, 
aluminium,  and  the  members  of  the  chromium  group.  At  the  tempera- 
ture of  the  electric  furnace  even  these  may  be  reduced,  but  the  carbides 
are  formed  under  such  circumstances,  and  the  metals  are  more  easily 
obtained  otherwise.  Recently,  heating  the  pulverized  oxide  with  finely 
powdered  aluminium  has  come  into  use,  particularly  for  operations  on 
a  small  scale.  Iron  oxide  is  easily  reduced  by  this  means,  and  even 
the  met^ils  manganese  and  chromium  may  be  liberat-ed  from  their 
oxides  quite  readily  by  this  action.  This  procedure  has  received  the 
name  aluimnnthermtj  {if. v.)  on  account  of  the  great  amounts  of  heat 
liberated.  In  the  laboratory  the  oxides  of  the  less  active  metals  are 
frequently  reduced  in  a  stream  of  hydrogen  {rf.  p.  ,'i62). 

When  the  ore  is  a  carbonate,  it  is  first  heated  strongly  to  drive  out 
the  carbon  dioxide  (.-/.  p.  480) ;  FeCO.jziFeO  -^  CO,  t,  and  then  the 
oxide  is  treated  according  to  one  of  the  above  methods.     When  the 
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ore  ia  Et  Bulphide,  it  has  to  be  roasted  {ff.  p.  3T8)  in  order  to  reraore  tin* 
sulphur,  and  the  resiilting  oxide  ia  then  treated  as  descrilied  aljove. 

Chlorides  mid  fluotldeH  of  the  metals  can  lie  deeonijiost'd  hy  hmt- 
ing  with  inetalliir  sodiiuii  {';/*  p.  618).  This  inetho<i  was  formerly  eiu- 
oyed  in  the  making  of  magnesiutn  and  iiluminiuni. 
The  metals  which  are  not  readily  secured  in  any  of  the  above  ways, 
ean  be  obtained  easily  by  electrol^ala  of  the  fused  chloride  or  of  somo 
other  simple  conipound.  Aluminium  is  now  mauufactured  entirely  by 
the  electrolysis  of  a  solution  of  aluminium  oxide  in  molteJi  cryolite. 


^^1 


^  CoTupouftdaof  the  Mefatm  Oxides  Htnf  Iliftiroxidoi.  —  The 
oxides  Tuay  be  made  by  direct  burning  of  the  metal,  by  heating  the 
nitrates  ((■/".  p.  444),  the  carbonates  (cf.  p.  480),  or  the  hydroxides  : 
Ca(OH),  ;=»CaO  +  HjO  |.  They  are  x^ractically  insoluble  in  water, 
although  those  of  the  metals  of  the  alkalies  and  of  the  metals  of  the  alka- 
line earths  interact  with  water  rapidly  to  give  the  hydroxides.  They  are 
usually  stable.  Those  of  gold,  platinum,  mercury,  and  silver  decompose 
when  heated,  yet  with  increasing  difficulty  in  this  order.  The  metals, 
like  the  non-metals,  frequently  give  several  different  oxides.  Those  of 
the  univalent  met^,  baring  the  form  K^O,  if  we  leave  cuprous  oxide 
and  aurous  oxide  oiit  of  account,  have  the  most  strongly  basic  (jualities. 
Those  of  the  bivalent  metals  of  the  form  MgO,  when  this  is  the  only 
oxide  which  they  furnish,  are  base-forming.  Those  of  the  trivalent 
metals  of  the  form  Al^O,  are  the  least  basic  of  the  basic  oxides.  The 
oxides  of  the  forms  SnOj,  SbjO„  C'rO,,  and  Muj<">-,  in  which  the  metals 
have  valences  from  4  to  7,  are  mainly  acid-forming  oxides,  although 
the  same  elements  usually  have  other  lower  oxides,  which  are  basic. 

The  hydroxldoB  are  formed,  in  the  cases  of  the  metals  of  the  alkalies 
and  alkaline  earths  by  direct  union  of  water  with  the  oxides.  They  are 
produced  also  by  double  decomposition  when  a  soluble  hydroxide  acta 
upon  a  salt  (rf.  p.  350).  All  hydroxides,  except  those  of  the  alkali  metals, 
lose  the  elements  of  water  when  heated,  and  the  oxide  remains.  In 
some  cases  the  loss  takes  place  by  stages,  just  as  was  the  case  with 
orthophosphoric  acid  (ji.  4Cii).  Thus  leiwl  hydroxide  Pb(OH)j  (y.r.) 
first  gives  the  hydroxide  Pb,0(0H)3,  then  I'1j/>s(0H)j,  and  then  the 
oxide  PbO.  With  the  exception  of  those  of  the  metals  of  the  alkalies 
and  alkaline  earths,  all  the  hydroxides  are  little  soluble  in  water.  The 
hydroxides  of  mercury  and  silver,  if  they  are  formed  at  all,  are  evi- 
dently unstable,  for,  when  either  material  is  dried,  it  is  found  to  con- 
tain nothing  but  the  corresponding  oxide. 
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Componndd  of  the  Metals  :  Salts.  —  It  may  be  said,  in  general, 

that  each  metal  may  form  a  salt  by  combination  with  each  one  of 
the  acid  radicals.  In  the  succeeding  chapters  we  shall  describe  only 
those  salts  which  are  manufactured  coinmerdally,  or  are  of  special  in- 
terest for  souic  other  reason.  The  various  salts  will  be  descriljcd  under 
each  metal.  Here,  however,  a  few  remarks  may  be  made  about  the 
characteristics  of  the  more  common  groups  of  salts.  The  salts  are 
classified  according  to  the  acid  ratlicals  wJiirh  they  cootain. 

The  cbloTidea  may  be  made  by  the.  direct  union  of  chlorine  with 
the  metal  (cf.  p.  74),  or  by  the  combined  action  of  carbon  and  chlorine 
upon  the  oxide,  (ef.  p.  620).  The  latter  method  is  used  in  making 
chromium  chloride.  The  general  methods  for  making  any  salt  (p.  186), 
such  as  the  interaction  of  a  metal  with  au  acid,  or  of  the  oxide,  hydrox- 
ide, or  another  salt  with  an  acid,  or  the  double  decomposition  of  two 
salts,  may  be  used  also  for  making  chlorides.  The  chlorides  are  for 
tJje  most  part  soluble  in  water.  Silver  chloride,  mercurous  chloride, 
cuprous  chloride  are  almost  insoluble,  however,  and  leM  chloride 
not  very  soluble.  Most  of  the  chlorides  of  metals  dissolve  without 
decomposition,  but  hydrolysis  is  conspicuous  in  the  case  of  the  chlorides 
of  the  trivalent  metals,  such  as  aluminium  chloride  and  ferric  chlo- 
ride {cf.  p.  344).  The  chlorides  of  some  of  the  bivalent  metals  are 
hydrolyzed  also,  but,  as  a  rule,  only  when  they  are  heated  with  water. 
This  is  the  case  with  the  chlorides  of  magnesium,  ealciiun,  and  zinc. 
Most  of  the  chlorides  are  stable  when  heated,  but  those  of  the  noble 
metals,  particularly  gold  and  platinum,  are  decomposed,  and  chlorine 
escapes.  The  chlorides  are  usually  the  most  volatile  of  the  salts  of  a 
given  metal,  and  so  are  preferred  for  the  production  of  the  spectrum 
(i/.v.)  of  the  metal,  and  for  fixing  the  atomic  weight  of  the  metal  by 
use  of  the  vapor  density.  Some  of  the  metals  form  two  or  more  differ- 
ent chlorides.     For  example,  indium  gives  LiCl,  InCl,,  and  InClj. 

The  Bulphldea  are  formeii  by  the  direct  union  of  the  metal  with  sul- 
phur, or  by  the  action  of  hydrogen  sulphide  or  of  some  soluble  sulphide 
upon  a  solution  of  a  salt  (ef.  p.  375).  In  one  or  two  cases  they  are  made 
by  the  reduction  of  the  sulphate  with  carlxtn.  The  sulphides,  except 
those  of  the  aUtah  metals,  are  but  little  soluble  in  water.  The  sul- 
phides of  aluminium  and  chromium  are  hydrolyzed  completely  by 
water,  giving  the  hydroxides,  and  those  of  the  metals  of  the  alkaline 
earths  are  partially  hydrolyzed  (r/'.  p,  376). 

Some  of  the  metals,  when  they  are  in  the  molt«n  form,  simply  dis- 
solve carbon,  and,  when  they  are  cooled  once  more,  deposit  it  in  the 
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orm  of  graphite.  This  is  true  particularly  of  platinum  antl  iron. 
The  carbides  are  usually  formed  i[i  the  electric  fuiiiaon  by  iutevactiou 
of  an  oxide  with  carbon  (cf.  p.  478).  Some  of  them  are  dpcomposed  by 
contact  with  water,  after  the  manner  of  calcium  carbide,  giving  a 
hydroxide  and  a  hydrocarbon.  Of  this  class  are  lithium  carbide  Li,('„ 
barium  and  strontium  carbides  BaCj  and  Sr('„  aluminium  carbide 
AljC,,  manganese  carbide  MnC,  and  the  cai'bidcs  of  potusaiuui  and 
glucinum.  Others,  such  as  those  of  molybdenum  CMo,  and  chromium 
CrjC,,  are  not  affected  by  water. 

The  nitrates  may  be  made  by  any  of  the  methods  used  for  prepai-ing 
salts.     They  are  all  at  least  fairly  soluble  in  water. 

The  sulpbatea  are  miide  by  the  methods  used  for  inakinR  salts,  and 
in  some  cases  by  the  oxidation   of   sulphides.     They  are  all  soluble 
in  water,  with  the  exception  of  those  of  lead,  barium,  and   strontium, 
jCalcium  sulphate  is  meagerly  soluble. 

■  The  carbonates  are  prepared  by  the  methoila  used  for  making  salts. 
They  are  all  insoluble  in  water,  with  the  exception  of  those  of  sodium 
and  potassium.  The  hydroxides  of  aluminium  and  tin  are  so  feebly 
basic  that  these  metals  do  not  (orm  stable  carbonates  (r/.pp.  119,  r>2.H), 

The  pbospbateB  and  BlUoates  are  prepared  by  the  methods  used  in 
making  salts.  The  former  arc  obtained  also  by  special  processes 
ali'eady  described  {p.  467).  With  the  exception  of  the  salts  of  sodium 
and  potassium,  all  the  salts  of  both  these  classes  are  insoluble. 

Solubility  of  Basen  and  SaUn.  —  The  solubilities  of  a  few  salts 
at  various  temperatures  have  already  been  given  (p.  157).  The  fol- 
lowing table  includes  a  much  larger  number  of  substances  (142),  and 
gives  the  solubility  at  18°.  Each  siiuai'e  contains  two  numbers  ex- 
pressing the  solubility  of  the  comjiound  whose  cation  stands  at  the 
head  of  the  column  and  whose  anion  is  indicated  at  the  side.  Tb6 
solubility  is  that  of  the  hydrate  stable  at  18",  where  such  exists. 
The  upper  number  in  each  case  gives  the  numljer  qI  grams  of  the  an- 
hydrous salt  held  in  solution  by  100  c.c.  of  water.  The  lower  number 
shows  the  number  of  moles  in  1  1.  of  the  saturated  solution,  and  indi- 
cates  therefore  the  concentration  in  terms  of  a  molar  solution  as 
unity  —  the  molar  solubility.  In  the  cases  of  Uie  less  soluble  com- 
pounds the  Talues  are  not  exact,  but  they  will  serve  to  show  roughly 
the  relative  solubilities  when  several  substances  are  compared.  The 
numbers  for  small  solubilities  have  been  abbreviated.  Thus,  0.0,4 e^ 
.^.0000004. 
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K3.12 

3,1 

OJO041 

0.(^13 

CfO* 

«S.I 

a.7 

m.31 

3.M) 

111.0 

0.(1,16 

o.one 

U.0,1 

0.0,38 
0.0,  US 

0.13 

o.oue 

0.4 

73.0 

4.3 

0.0,2 
0.(1,3 

CA 

30.37 

3.M 
O.S* 

7.M 
O-flU 

oatatt 

0.0,2 

14« 
0.030 

O.0l»R 
0.(1,38 

0,0OM 

o.o,a! 

o.o,r.(i 

O.U.M 

0.0.1 
(KOOK 

0.0,6 
0.0,4 

0.(]^W 

O.QJi 

CO, 

Si) 

i.g 

1.3 

0.17 

0,003 
OJ).i 

0.10 

6.am 

OJI^U 

0.0011 
0.0,7 

o.nis 

0.0^13 

0.1 
0.01 

0,004? 

0.0,^ 

0.?8         1 

^P           The  followiug  are  the  solubilities  (number  of  grams  iu  100  e.c.  water) 
^^       at  18^  of  two  additiutial  insoluble  substances  and  of  three  acid  salts. 

^_                Mercurous  chloride,  0.0,2              Sodium  bioarbouate            9.6 
^H              (raoliir  sol'ty,  O.Ojl)                        Potassium  bicarbonate     26.1 
^H              Mcrnurii'^  iodidf,       0,0,4               Potassium  bisulpbate       50.0 

^M              (molar  sol'ty.O.Ojl) 

* 
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It  will  be  seen  that  some  compounds,  like  zinc  chloride  aud  barium 
iodide,  ai"e  exceedingly  soluble ;  tliat  others,  like  putjissium  chloride  and 
barium  chlorate,  are  of  medium  solubility  ;  that  still  otLi^rs,  like  cjili-ium 
hydroxide  and  calcium  8ulphate,  are  spai'ingly  soluble ;  and,  Hually,  tliat 
some,  like  calcium  oxalate  (CaCjO^)  and  barium  chromate,  are  almost 
insoluble.  The  reader  should  note  the  fact,  however,  that  the  rliffer- 
ences  iu  solubility  even  amongst  the  iui^oluble  salts  are  as  great  as 
amongst  the  soluble  ones. 

Hydrnteit  Foriiiit  of  Salts  Cotntncnl^  Used. —  In  the  table 
given  below,  the  bgures  refur  to  the  number  of  molecules  of  water  in 
the  hydrates  which  are  deposited  by  aqueous  solutions  of  the  salts  in 
the  neighborhood  of  18°,  The  letter  A  meaiis  that  the  compoimd  is 
stable  when  ht^ated,  the  letter  a  that  it  is  not  affected  by  the  air,  the 
letter  d  that  the  salt  is  deliquescent,  and  the  letter  e  that  the  hydrate 
loses  water  spontaneouslj'  in  an  open  vessel,  i.e.,  is  efflorescent. 


Composition 

of  Hydrates  of 

Salts. 

K 

No 

Li 

Ag 

Ba 

Br 

C* 

Mg 

Zn 

Gd 

Cn 

Pb 

a  .    .    .    . 

OA 

OA 

OA 

OA 

2a 

de 

6d 

U 

Md 

2^e 

U 

OA 

Br  . 

Ok 

OA 

OA 

OA 

2a 

Od 

6d 

6d 

a 

4e 

4e 

OA 

I      . 

OA 

OA 

OA 

OA 

3d 

fld 

Od 

Sd 

Od 

Oa 

OA 

NO, 

Oa 

Oa 

Od 

Oa 

Ort 

4e 

4d 

fld 

Od 

4d 

6d 

Oa 

CIO. 

0<i 

Oa 

Od 

Oa 

la 

M. 

M 

Cd 

tid 

2d 

fld 

1« 

BtO, 

Oa 

Oa 

Od 

Oa 

la 

la 

la 

6e 

tia 

2a 

6a 

la 

w/ 

Oa 

3e 

Od 

Oo 

la 

8e 

Oe 

4a 

fa 

Oft 

1« 

Oa 

c,u.o. 

Ori 

M 

2d 

Oa 

la 

Id 

M 

4ct 

3a 

3d 

la 

3a 

so  " 

CrO. 

OA 

We 

OA 

Oa 

OA 

OA 

2a 

U 

7e 

2  {a 

5a 

OA 

OA 

loe 

•M 

Oa 

OA 

OA 

la 

7e 

■    • 

^    , 

OA 

lb°: 

la 

Ott 

Oa 

Oa 

la 

Oa 

la 

2a 

2a 

3a 

\a 

Oa 

lid 

lOe 

Oa 

0<! 

OA 

OA  :  Oa 

3e 

Oa 

Oa 

Oa 

IsomoriihiHHi.  —  Substances  which  crystallize  in  one  of  the  forms 
belonging  tu  the  regular  system  (p.  138)  must  necessarily  have  identi- 
cal crystalline  shapes.  Thus,  crystallized  specimens  of  sodium  chlo- 
ride and  of  lead  sulphide  (galena)  in  their  natural  shapes  are  cubical. 
The  forms  found  in  other  systems,  however,  are  capable  of  assuming 
an  infinite  diversity  of  shapes.  The  relative  lengthening  or  shorten- 
ing in  one  direction,  showu  by  the  sqiiare  prismatic  and  hexag- 
onal forms  (p.  138),  for  example,  makes  it  possible  for  each  sejiarate 
substance   to  adopt   proiiorttons  which  ai  >«nt 


t 
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from  those  of  every  other  substance.  Each  substance,  not  belonging 
to  the  regular  system,  does,  iti  fact,  crystallize  invariably  in  forms 
based  upon  ita  own  fuudameutal  pi'oporttons,  and  differs  therefore  in 
its  angles  from  all  other  such  substances  in  a  way  that  is  clearly 
recognizable  by  refined  measurement. 

Now  it  is  found  that  substances  which  are  chemically  somewhat 
similar  (see  below)  frequently  erystaUize  in  the  same  system  and  show- 
proportions  which  are  alinost,  although  not  quit*,  identical.  Further- 
more, such  substances,  when  the  apjiroiwjh  to  identity  in  angles  is  not 
accidental,  can  take  part  in  the  construction  of  one  and  the  same 
crystal.  A  crystal  of  one  such  substance  placed  in  a  solution  of  the 
other  will  continue  to  grow,  and  in  doing  so  will  follow  the  patt-ern 
already  set,  and  simply  increase  in  dimensions  by  accretion  of  the  new 
material.  When  a  solution  containing  two  such  substances  deposits 
crystals,  the  structures  are,  not  some  of  them  of  one  material  and  some 
of  the  other,  but  are  all  made  up  of  both  in  a  ratio  determined  by  tJie 
relative  amounts  of  the  substances  iu  the  solution.*  Substancea 
related  in  these  two  ways,  that  is,  hsTiag,  wheu  separate,  crystalltne 
forms  wbiota  are  closely  alike  and  being  capable  of  forming  homoge- 
neous crystals  containing  varying  proportions  of  the  two  ingredients, 
are  called  isomorpbouB  substances  (Gk,  mtos,  equal;  lioptft^,  form). 
Thus,  potassium  permanganate  KMnO<  and  potassium  pecchlorate 
KCIO,  crystallize  in  the  rhombic  system,  forming  ciystals  with  very 
similar  angles  (Fig.  63,  p.  139),  and  when  a  solution  containing  both  is 
allowed  to  evaporate  there  is  formed  but  one  set  of  crystals  made  Up  of 
both  substances.  Similarly,  potassium  iodide  and  ammonium  iodide 
crystallize  in  cubes  of  the  regular  system,  and,  since  all  cubes  are 
alike,  necessarily  show  absolutely  identical  angles.  In  addition  to  this, 
however,  they  crystallize  together  from  a  solution  containing  both 
salts.  Other  pairs  from  amongst  substances  belonging  to  the  regular 
system  would  not  do  this.     The  two  salts  are  therefore  isomorphous. 

In  the  course  of  our  study  of  the  compounds  of  the  metals  we 
shall  have  occasion  to  note  many  examples  of  isomorphism.  Thus  the 
heptahydrates  of  the  sulphates  of  many  of  the  bivalent  metals,  such 
as  ZnS0^,7H,0,  FeSO^.THjO,  MgS0«,7H,0,  etc.,  belong  to  the  rhombic 
system,  and  form  an  isomorphous  set  of  substances  known  as  the 
tntrioU  (?.v.). 

*  Id  general,  two  subotances  which  are  ahuolutely  unrelaied  may  be  deposited 
simultaneously  from  mixed  aqueous  solutinna,  but  some  of  itie  cryatats  are  purt 
specimens  of  one  substance,  and  the  rest  are  pure  specituens  of  tlie  other. 
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The  alums  (q.v.)  also  constitute  an  important  set,  and  crystallize, 
separately  and  together,  in  the  regular  system  (see,  also,  under  Zinc 
sulphate).  Amongst  minerals,  leail  sulphide  (PbS)  and  silver  sulphide 
(Ag,8)  form  a  common  isomorphous  pair,  and  nearly  all  natural  speci- 
mens of  galena  (q.v.)  contain  at  least  a  little  silver  sulphide. 

The  chemical  significance  of  jsoinorphiam  was  at  first  exaggerated. 
Thus  the  elements  magnesium  and  irou  are  not  especially  similar  in 
their  chemical  relations,  excepting  that  both  are  bivalent ;  yet  they 
form  several  pairs  of  compounds  which,  like  the  sulphates  (above),  are 
isomorphous.  Still,  in  practical  ehemical  work  a  knowledge  of  the 
relations  of  a  substance  in  respect  to  isomorphism  is  indispensable. 
It  enables  us  to  predict  the  probable  impurities  in  a  homogeneous- 
looking  material,  for  non-isomorphous  substances  would  have  given  a 
heterogeneous  mixture  with  it.  It  assists  us  in  separating  and  puri- 
fying chemical  substances,  for  non-isomorphous  substances  can  be  sep- 
arated by  recry stall izati on  from  water  (p.  273),  or  by  washing  with 
water  or  some  other  solvent  (p.  276),  at  a  temperature  at  which  the 
solubilities  of  the  substances  are  different  (see  Potassium  nitrate), 
Isomorphous  substances,  however,  can  be  separated  only  by  conversion 
into  some  other  form  of  combination  in  which  the  property  is  lack- 
ing. Thus,  silver  sulphide  cannot  be  separated  from  lead  sulphide  by 
Pattinsou's  process  (<?.".),  and  so  the  mixed  metals,  to  the  separation 
of  which  the  process  is  applicable,  must  first  be  secured  by  reduction. 

Some  chemists  regard  isomorphous  mixtures  as  solid  solutions. 

Exereiges.^1.  Compare  the  electrical  conductivities  of  normal 
sodium  hydroxide  and  normal  acetic  acid  with  the  conductivity  of 
copper.  What  length  of  copper  wire  will  present  the  same  resistance 
as  1  cm.  of  each  of  these  solutions  when  the  cross-sectinns  are  alike  ? 

2.  What  do  we  mean  by  saying  that  an  oxide  is  strongly  or  feebly 
basic,  or  that  it  is  acidic  (p.  641)  ? 

3.  What  is  meant  by  the  same  terras  when  applied  to  an  hydroxide  ? 

4.  Compare  the  molar  solubilities  at  18"  (a)  of  the  halides  of  silver 
and  (b)  of  the  carbonates  and  (c)  oxalates  of  the  metals  of  the  alkaline 
earths,  noting  the  relation  between  solubility  and  atomic  weight. 

5.  What  is  the  molar  concentration  of  chloridion  (ef.  p.  149)  in 
saturated  solutions  of  silver  chloride  and  lead  chloride  at  18°,  assum- 
ing complete  ionization  in  these  very  dilute  solutions  ? 

6.  How  does  the  behavior  of  complex  acids,  like  ch 
acid  HjPtCl,,  differ  from  that  of  acid  salts  ? 
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The  Metal)*  of  the  Alkalies.  —  The  metals  of  this  family  form  a 
homogeneous  groU[),  and  there  ia  el  very  general  eimilarity  between  the 
properties  of  the  TOrrespotidiiig  compounds.  Some  of  the  physical 
properties  of  the  elements  themselves  cau  be  presented  best  in  tabular 
form. 


At.  Wt. 

Sp.  Ok. 

M.-P. 

B.-P. 

Lithium .... 
.Sodium  .... 
Potassium    .     .      , 
Hubidium    .     .     . 
Coeiium.     .     .     . 

7.0 
23.0 
89.1 
85.5 

0.59 
0.»7 
0.87 
1.52 
1.88 

i8tr 

85.6" 
(32.5" 
38  a" 
aft.  5" 

above  red  heat. 
742' 

667" 

It  will  be  seen  that  the  speeifiu  gravities  of  the  element.s  increase  with 
rising  atomic  weight,  while  the  melting-points  and  boiling-points  fall 
(r/.  p.  410).  A  table  including  all  the  physical  properties,  both  of  the 
elements  and  their  compounds,  wtmld  show  similar  characteristics  in  a 
general  way,  with  here  and  there  noticeable  irregularities  such  as  tliat 
shown  by  the  specific  gravity  of  sodium. 

The  Chemiral  Itelatious  of  the  Metnllic  Etententg  oftheAlka- 

Me/i.  ^The  metals  whicli  are  chemically  most  active  are  included  in 
this  group,  and  the  activity  increases  with  rising  atomic  weight,  caesium 
being  the  most  active  positive  element  of  aJl.  A  freshly  cut  surface  of 
any  of  these  metals  tarnishes  by  oxidation  as  soon  as  it  is  exposed  to  the 
air.  Indeed,  there  is  scarcely  time  to  see  the  metallic  appearance  in 
the  cafla  of  potassium  and  the  metals  following  it.  All  of  these  metals 
decompose  water  violently  (c/.  p.  97j,  liberating  hydrogen.  The 
hydroxides  which  are  formed  by  this  action  are  exceedingly  active 
liases,  that  is  to  say,  they  give  a  relatively  large  (!oncentrati<.in  of 
hydroxidion  in  solutions  of  a  given  molecular  concentration  (p.  349). 
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Lithium  hydroxide  is  the  least  active.  In  the  dry  form  these  hydrox- 
ides are  not  decomposed  by  beating,  while  the  hydroxides  of  all  other 
inetals  lose  water  more  or  less  easily.  All  these  metals  seem  to  com- 
bine with  hydrogen,  lithium  giving  the  most  stable  compound.  The 
hydrides,  however,  unlike  those  of  many  of  the  non-metals,  are  uol 
ionogens,  and  consequently  do  not  giTe  acids  when  dissolved  in  water. 
In  all  their  compounds  the  metals  of  the  alkalies  are  univalent. 

The  family  may  be  suklivided  into  two  minor  groups.  The  com- 
pounds of  potasaium,  i-ubidium,  and  caesium  resemble  one  another 
closely,  while  those  of  sodium  and  lithium  are  sometimes  largely  diver- 
gent in  physical  properties.  Thus,  the  chlorides  of  the  jiotassium  set,  not 
only  crystalbze  in  cubes,  but  can  form  mixed  crystals  with  one  another 
in  all  proportions.  They  are  isomorfibous  (<•/.  p.  545).  The  same  is 
true  of  the  bromides  and  of  the  iodides.  Sodium  chloride,  although 
crystallizing  in  cubes  likewise,  does  not  form  mixed  crystals  with  the 
chlorides  of  the  potassium  set.  In  tlie  case  of  bthium,  the  hydroxide 
ia  not  nearly  so  soluble  as  are  the  hydroxides  of  the  other  metals,  and 
the  metal  gives  also  an  insoluble  carlxjiiate  and  phosphate,  in  which 
respect  it  resembles  magnesium  and  diifers  from  all  the  other  mem- 
bers of  the  present  group. 

The  compoutuls  of  ammonium  will  be  discussed  in  connection  with 
those  of  potassium,  to  which  they  present  the  greatest  resemblance. 

The  solubilities  are  often  decisive  factors  in  connection  with  the 
preparation  and  use  of  salts.  The  reailer  will  find  most  of  those  in  the 
table  on  p.  544,  or  the  diagram  on  p.  157,  and,  as  a  rule,  the  values  will 
not  be  repeated  in  the  descriptive  paragraphs. 


Potassium. 

Occurrence^  —  Silicates  containing  potassium,  such  as  feldsjiar  and 
mica  (p.  52r> ),  iin;  constant  constituents  of  volcanic  rocks,  and  from  the 
weathering  of  these  rocks,  and  of  the  detritus  formed  from  them  which 
constitutes  a  Utrge  part  of  the  soil,  the  potassium  used  by  plants  ia 
obtained.  These  lainerals  are  not  used  commercially  as  sourcea  of 
potassium  compounds.  The  salt  deposits  (see  lielow)  contain  potassium 
chloride,  alone  (sylvite)  and  in  combination  with  other  salts,  and  most 
of  the  comtKiunds  of  potassium  are  manufactured  from  this  material. 
Part  of  our  potassium  nitrate,  however,  is  purified  Bengal  saltpeter 
(p.  438).  Potassium  sulphate  occurs  also  in  the  salt  layers,  and  is  used 
directly  as  a  fertilizer. 
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I*repuration,  ^Vatassinm  was    first   made  by  Davy   (1807)   by 

bringing  the  wires  from  a  battery  in  contat^t  witli  a  piece  of  moist 
potassium  hydroxide.  Globules  of  the  metal  appeared  at  the  negative 
wire.  This  proeusa  has  just  come  into  use  commercially,  moltin  potas- 
sium chloride  teing  the  substance  decomposed.  The  process  whicL, 
during  the  intervening  years,  furnished  potassium,  was  the  heating  of 
potassium  cai'bonate  witlt  tinely  divided  carbon  in  small  retorts  : 

KjCOg  +  2C  ^  2K  +  SCO. 

The  vapor  of  the  metal  tends  to  combine  with  the  carbon  monoxide, 
forming  an  pxplosive  compound  K,C„t>j,  and  the  yield  is  thus  reduced. 
Castner'a  improved  process  involves  the  heating  of  potassium  hydroxide 
with  a  spongy  mass  which  is  essentially  a  carbide  of  iron  (CFe,).  The 
latter  is  made  by  heating  together  pitch  and  iron  filings.  No  carbon 
monoxide  is  produced : 

6K0H  +  20-+  2K/;0,  +  3H,  +  2K. 

Physical  PfoperfifH,  —  Potassium  is  a  silver-white  metal  which 
melts  at  62.5°.  It  boils  at  (iC"",  giving  a  gi-eenish  vapor.  Tlie  met-al 
and  its  compounds  confer  a  violet  tint  upon  the  Bimsen  flame,  and  the 
spectiTim  (j.n.)  shows  characteristic  lines. 

Chemical  Properties.  —  The  density  of  the  vapor  shows  the 
molecular  weight  of  )>ota.ssiiim  to  be  about  40,  so  that  the  vapor  is  a  mon- 
atomie  ga.s.  The  element  imites  violently  with  the  halogens,  sulphur, 
and  oxygen.  In  consequence  of  the  latter  fact  it  is  usually  kept  under 
petroleum,  an  oil  which  neither  contains  oxygen  itself,  nor  dissolves  a 
sufficient  amount  of  oxygen  from  the  air  to  permit  much  oxidation  of 
the  potassium  to  take  place. 

The  It  if  d  ride.  —  When  hydrogen  is  passed  over  potassium  heated 
to  iffiO',  a  hydride  is  formed.  By  washing  the  -sohd  product  with 
iiquelied,  dry  ammonia  the  excess  of  potassium  is  removed  and  white 
crystals  remain.  These  have  the  composition  KH.  On  account  of  the 
ease  w^ith  which  it  decomposes,  the  substance  behaves  much  like 
IKttaasiuni  itself.  When  throwni  into  water,  for  example,  it  gives 
jiotassiuui  hydroxide,  and  the  hydrogen  is  liberated. 

Potassium  Chloride,  —  Sea-water  and  the  waters  of  salt  lakes 
contain  a  relatively  small  proportion  of  potassium  eomjiouuds.     During 
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the  evaporation  of  such  waters,  however,  the  potassium  compounds 
tend  to  accuinulute  iti  the  mother-liquor  while  sodium  ehloride  is  being 
deposited*  Thus,  when  the  Salt  Lake  in  Utah  shall  have  finally  dried 
up,  the  npper  (last  to  lie  formed)  part  of  the  bed  of  salts  which  it  will 
leave  behind  will  contain  layers  rich  in  compounds  of  potassium.  This 
condition  is  realized  in  geological  deposits  which  have'been  formed  in 
the  same  way.  Thus,  at  Stassfurt,  near  Magdeburg,  there  is  a  thickness 
of  more  than  a  thousand  meters  of  common  salt,  more  or  less  uixed 
with  and  intersected  by  layers  of  sedimentary  deposits.  Above  this  are 
25-30metei-s  of  salt  hiyers  in  which  the  jwtassium  salts  are  chiefly 
found,  while  over  all  ai-e  .several  huiuired  meters  of  sandstone.  For- 
merly the  upper  layer.s  were  sii[ii>ly  stripped  off  and  rejected.  Now, 
however,  the  revenue  obtained  from  the  products  of  these  layers  is 
many  times  greater  than  that  coming  from  the  rock  salt  below. 

The  chief  sources  of  the  potassium  chloride  found  in  the  salt  beds 
are  sylvite  (KCl)  and  oarnallite  (KCl,  MgClj,  6H,0).  The  latter  is 
heated  with  a  small  amount  of  water,  or  with  a  mother-liquor  obtained 
from  a  previous  operation  and  containing  sodium  and  magnesium 
cliloride.i.  The  magnesium  sulphate  which  it  contains  as  an  impm'ity 
remains  undissolved.  From  the  clear  Uquid,  when  it  cools,  potassium 
chloride  is  deposited  first  and  then  carnallite.  The  former  is  taken  out 
and  purified,  and  the  latter  goes  through  the  process  again.  This 
potassium  chloride  is  the  source  from  which  most  of  our  potassium 
hydroxide  and  potassium  carbonate,  as  well  as  salts  of  minor  commer- 
cial importance,  are  made.  It  is  a  white  substance  crystallizing  in 
cubes,  melting  at  about  750°,  and  slightly  volatile  at  high  temperatures. 


Pota»»iuiH  Iodide.  —  When  iodine  is  heated  in  a  strong  solution 
of  potassium  hydroxide,  the  iodate  and  iodide  are  both  formed  (p.  211)  ,• 

6K0H  -f  3I,-»  SKI  +  KIO,  +  3HjO. 

The  dry  residue  from  evaporation  is  heated  with  powdered  carbon  to 
reduce  the  iodate,  and  all  the  iodide  can  then  be  puiiHed  by  recrystal- 
Uzation.  Another  method  of  preparation  consists  in  rubbing  together 
iodine  and  iron  filings  under  water.  The  soluble  ferrous  iodide  (Felj) 
thus  formed  is  then  treated  with  additional  iwline  and  gives  a  sub- 
stance Fe,I„  intermediate  in  composition  between  ferrous  and  ferrin 
iodides.     This  is  also  soluble.      When  potaasim^*  to 

the  solution,  a  hydrated  magnetic  oxide  i  \ 


L 


i 


552 


INOliUAKIC    CUEMKiTliY 


dioxide  escapes,  and  evaiJOtation  of  the  clear  solution  gives  potassium 
iodide : 

Fe,I,  +  4KjC0,  +  4HjO  -»  SKI  +  re,(OH),  +  4C0,. 

The  salt  forms  large,  somewhat  opaque  cubes  (m.-p,  623°).  It  ia 
used  in  mediciue  and  for  produuiug  precipitates  of  silver  iodide  in 
photography.  In  the  laboratory  it  is  used  whenever  an  iodide  is 
Inquired,  for  example,  when  experiments  with  iodidion  are  to  be  made 

The  Bromide  ami  FluoHtleo.  —  Potassium  bromide  may  be 
made  iu  either  of  the  ways  used  for  the  iodide.  It  crystallizes  in 
eubes.  It  ia  used  in  medicine  and  for  precipitating  silver  bronaide  in 
making  photographic  plates  {i-v.).  In  the  laboratory  it  is  always 
employed  when  a  bromide  is  neede<l  as  a  source  of  bromidion. 

The  fluoride  of  potassium  K.jF„  may  be  obtained  by  treating  the 
carV>onate  or  hydroxide  with  hydrofluoric  acid.  It  is  a  deliquescent, 
white  salt.  When  treated  with  an  equi-molecular  quantity  of  hydro- 
fluoric acid  it  forms  potassiuin  hydrogen  fluoride  KHFj,  a  white  salt 
which  is  also  very  soluble.  This  acid  salt  is  used  in  the  preparation 
of  pure  hydrofluoric  acid,  since  the  latter  is  liberated  from  it  as  a  vapor 
at  a  high  temjK'rature. 

Potassiuin  chloride  is  the  least  soluble  of  the  halides  of  potassium, 
the  bromide,  fluoride,  and  iodide  coming  next  in  that  order.  The  posi- 
tion of  the  fluoride  as  the  most  soluble,  when  we  should  exjiect  it  to  be 
the  least  soluble  (p.  244),  shows  that  tliis  compound  is  somewhat 
exceptional.  It  is  also  slightly  hydrolyzed  by  water,  as  if  it  were  a 
salt  of  a  dibasic  acid  (i/.  p.  3-t4j,  These  facts,  together  with  the 
existence  of  the  acid  fluoride,  lead  us  to  assign  to  it  the  formula  K^Fj. 
Other  acid  fluorides  of  the  formula  KHjF,  and  KHiF,  have  likewise 
been  made.  Since  potassium,  hydi'ogen,  and  fluorine  are  always  univa. 
lent,  and  no  ordinary  valence  is  thus  available  for  holding  together 
groupings  more  complex  than  KF  and  HF,  we  may  regard  all  these 
four  fluorides  of  potassium  as  molecular  compounds  (p.  443), 


Potatisium  Hydroseide.  —  This  cflinpound,  known  also  as  caustic 
potash  and  sometimes  as  potassium  hydrate  (p.  120),  was  formerly 
made  entirely  by  boiling  potassium  carbonate  with  calcium  liyt 
suspended  in  water  (milk  of  lime) : 


K,CO,  +  t  Ca(0H),ii2  CaCO,  ]  +  2K0H. 


ydroxidc     I 
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TliG  operation  is  conducted  in  irou  vessels,  because  porcelain,  being 
comiiosed  of  silicates,  interacts  wilb  solutions  of  Ixiaes.  Tlic  action  is, 
in  theory,  precisely  similar  totliat  of  sulphuric  acid  Ui>on  barium  diox- 
ide (rf,  p,  585).  The  potiissiiim  c;u"bouiitc  corresponds  to  the  acid, 
being  completely  dissolved  from  the  lieginnLns;,  and  the  calcium  hydnix- 
ide  to  the  dioxide,  since  its  relative  insolubility  enables  the  water  to 
take  up  fresh  portions  into  aolutiou  only  when  the  part  dissolved  has 
already  undergone  chemical  change.  The  calcium  carbonate  wliich  is 
precipitated  in  much  less  soluble  than  the  hydroxide,  and  hence  the 
iu;tio]i  goes  forward.  The  action  as  a  whole  is  reversible,  for  a 
reason  which  will  be  explained  later  (see  Ionic  equilibrium  in 
Chap,  xxxiv),  and  consequently  such  an  amount  of  water  is  employed 
that  the  solution  at  no  time  contains  more  than  about  ten  per  cent  of 
potassium  hydroxide  (sp.  gr.  1.1),  The  conclusion  of  the  action  ia 
recognized  when  a  clear  sample  of  the  liquid  no  longer  cfferveHces 
on  addition  of  a  dilute  acid,  and  is  therefore  free  from  potassium 
carbonate. 

Recently  much  potassium  hydroxide  has  heen  manufactured  by 
electrolytic  processes.  When  a  solution  of  potassium  chloride  is  elec- 
trolyzed,  chlorine  is  liberated  at  the  anode,  and  hydrogen  and  potassinm 
hydroxide  at  the  cathode.  The  necessity  of  keeping  {hone  two  sets  of 
products  apart,  since  by  their  interaction  potassium  hypochlorite  and 
potassium  chloride  would  be  formed  (*■/.  p,  266),  has  made  the  devising 
of  suitable  apparatus  extremely  difficult.  In  one  type  of  apparatus  a 
partition  of  asbestos  cloth,  especially  prepared  to  resist  the  disiute- 
grating  effects  of  the  alkali  and  the  chlorine,  divides  the  cell  into  two 
parts.  In  some  cases  this  ia  placed  vertically,  and  in  others  horizon- 
tally. In  the  latter  case  the  anode  is  on  the  upper  side  of  the  partition, 
in  order  that  the  chlorine  as  it  is  lil»erated  may  ascend  to  the  surface 
without  stirring  up  the  liquid  or  having  occasion  to  iia-ss  near  the  j)ar- 
tition.  In  all  cases  the  anode  is  made  of  graphite,  since  this  substance 
is  less  easily  attacked  by  chlorine  than  is  any  other,  and  the  cathode  is 
made  of  iron,  a  metal  which  best  resists  the  action  of  alkalies.  The 
chlorine  is  used  for  making  bleaching  powder.  Pure  brine  flows  in  con- 
tinuously at  one  j^ioint.,  and  a  solution  of  the  hydroxide  containing  much 
undecomposed  chloride  flows  out  at  another. 

The  same  process  is  applied  to  sodium  chloride,  and,  in 
tories,  the  apparatus  is  used  solely  for  making  bleaching  mater 
most  or  all  of  the  alkali  is  thrown  away.    This  is  on  ■-■■ 
cheapness  of  the  caustic  soda  made  hy  non-electrolyti 


4 


u 


554 


INORGANIC  CHEMISTRr 


tlie  expense   involved   in   concentrating   the  rather   dilute    soltition 
obtained  electrolytically. 

The  Caatner-Kellner  apparatus  (Fig.  97)  employs  a  different  princi- 
])lo  %'ery  ingeniously  for  the  sepai^ation  of  the  products.  The  two  end 
eoiupavtments  are  tilled  with  brine  and  contain  the  graphite  anodes. 
The  central  compaitment  contains  potassium  hydroxide  solution  and 
the  iron  cathode.  The  positive  current  enters  by  the  anodes,  and  the 
chlorine  is  therefore  attracted  to  and  liberated  upon  the  gi-aphite. 
After  rising  through  the  liquid  it  is  collected  for  the  manufacture 
of  liquefied  chlorine  or  of  bleaching  powder.  The  ions  of  potassium 
or  of  sodiuu],  as  the  case  may  be,  are  discharged  upon  a  layer  of  mer- 


Pia.  m. 


cmy  which  covers  the  whole  floor  of  the  box,  and  the  free  metal 
dissolves  in  the  mercury,  forming  an  amalgam  (p.  632).  The  layer  of 
mercury  extends  beneath  the  partitions,  and  a  slight  rocking  motion 
given  to  the  cell  by  the  cam  (C)  causes  the  amalgam  to  flow  below 
the  partition  into  the  central  compartment.  Here  the  sodium  leaves 
the  mercury  in  the  form  of  sodium  ions  and  is  atti'actetl  by  the 
cathode.  Ujxin  this,  hydrogen  fiom  the  water  is  dischargetl,  and  the 
residual  hydroxidion,  together  with  the  metallious,  constitutes  potas- 
sium or  sodiimi  hydroxide.  A  slow  influx  of  salt  solution  at  one 
point  and  overflow  of  the  alkaline  solution  in  the  central  cell  at 
another,  is  maintained.  The  overflowing  liquid  contaius  20  per  cent 
of  the  alkali.  Since  in  this  form  of  tlie  apparatus  there  is  no  unde- 
comp<»ed  chloride  present  In  the  part  of  the  solution  which  contains 
the  hydroxide,  simple  evaporation  to  dryness  furnishes  the  solid 
alkali. 

Potassium  hydroxide  is  exceedingly  soluble  in  water,  and  ooiise- 
(juently,  instead  of  lieiug  crystallized  from  solution,  the  molten 
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from  evaporation  18  cast  in  sticks.  When,  for  chemical  purposes,  the 
hydroxide  is  required  free  from  potassium  carbonate  and  other  impu- 
rities, it  is  dissolved  in  alcohol,  in  which  the  other  substtinces  are  not 
soluble.  Evaporation  of  this  solution  gives  pure  caustic  potash.  The 
hydroxide,  in  consequence  of  the  very  low  vapor  tension  of  its  solution 
(c/.  p.  162),  is  highly  deliquescent.  It  also  absorbs  carbon  dioxide  from 
the  air,  giving  potassium  carbonate.  This  salt  is  itself  deliquescent, 
and  consequently  a  sjTTipy  solution  of  the  carbonate  is  the  final  result 
of  weathering.  Solutions  of  the  hydroxide  have  an  exceedingly  corro- 
sive action  upon  the  flesh,  decomposing  it  into  a  slimy  mass  by  hydi-o- 
lyzing  the  albuminous  and  other  substances.  In  solution,  the  base  is 
highly  ionized,  furnishing  a  high  concentration  of  hydroxidion.  Its 
aqueous  solution  is  therefore  used  with  salts  of  other  metals  for  precipi- 
tation of  less  soluble  bases.  Commercially  it  is  chiefly  employed  iu  the 
making  of  soft  soap. 

Tfie  Oxliien,  —  The  simple  oxide  K^O  may  be  made  by  heating 
potassium  nitrate  or  nitrite  with  potassium  in  a  vessel  from  which  air 
is  excluded  :  KNO,  +  BK —^  3K.p  +  N.  It  interacts  violently  with 
water,  giving  the  hydroxide.  When  exposed  to  the  air  it  unites  spon- 
taneously with  oxygen,  and  K^O^  is  formed. 

When  the  metal  burns  in  oxygen,  K^O^,  a  yellow  solid  is  the  prod- 
uct. This  substance  interacts  violently  with  water,  giving  potassium 
hydroxide,  and  the  excess  of  oxygen  is  liberated.  With  perfectly  dry 
oxygen,  potassium  does  not  unite,  even  when  it  is  heated  strongly. 

Fotaasium  Chlorate.  — The  preparation  of  this  salt  (KCIO,),  by 
interaction  of  potassium  chloride  with  calcium  chlorate,  has  already 
been  described  (p.  273).  It  is  also  made  by  electrolysis  of  potassium 
rhloride  solution,  the  potassium  hydroxide  and  chlorine  which  are 
IJU'rated  being  precisely  the  materials  required.  All  that  is  necessary 
is  to  use  a  warm,  concentrated  solution  and  to  provide  for  the  mixing 
of  the  materials  generated  at  the  electrodes.  The  salt  crystallizas  out 
when  the  solution  cools. 

Pot.assiuin  chlorate  crystallizes  in  monoclinio  plates.  It  melts  at 
about  359^,  and  at  a  temperature  slightly  above  this  the  visible  liljerar 
tion  of  oxygen  begins.  Since  heat  is  given  out  by  the  decomposition, 
the  action  may  be  almost  explosive  if  larr"  "  >  material 

are  employed.     Tliis  deconjpositio  t*m- 

peraturcs  (p.  73),  but  below  tl  *• 
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that  the  pheiioroeiion  is  not  jjerceived.  On  account  of  the  ease  with 
whii^h  ita  oxygen  is  liberated,  the  salt  is  employed  in  making  fire- 
works and  as  a  compojietit,  along  with  antimony  trisulphide,  of  the 
heatls  of  Swedish  matches.  With  acids  it  is  used  as  an  oxidizing  ageot 
on  account  of  the  chloric  acid  which  is  set  free  (p.  272).  It  is  also  em- 
ployed in  medit'int', 

Potassiutn  perchiorate  KCIO,,  formed  by  the  heating  of  the  chlorate 
(p.  275),  gives  white  crystals  belon^ng  to  the  rhombic  systenj.  Com- 
pared with  the  chlorate,  on  account  of  the  gi'eater  difficulty  in  liberat- 
ing its  oxygen  by  heat,  it  tijids  little  practical  application. 

The  BroHiate  and  Indttte.  — These  are  the  moat  familiar  sslta  of 

their  respective  auida.     The  mode  of  their  preparation  ha,s  already  been 

deacriliefl  (p.  277).     Potassiuju  iotlate  may  be  made  also  ver^'  conven- 

utly  by  melting  together  potassium  chlorate  and  potassium  iodide  at 

low  temperature.     The  iodate  is  much  leas  soluble  than  the  chloride, 

and  the  mixture  may  be  separated  by  crystallization  from  water. 


h 


rofaMnht  III  A'itrnte.  —  The  formation  of  this  salt  in  nature  and 
its  mfjtle  of  extraction  and  purification  have  already  been  descrilied 
(p.  43S).  This  soiiD.-e  of  supply  proved  insufficient,  for  the  first  time, 
during  the  Crimean  war  { 1 852-55),  antl  a  niethal  of  manufacture  from 
(.'hili  saltpeter  (sodium  nitrate),  which  ia  a  much  cheajier  sul»itance, 
was  introduced.  Sodium  nitrate  and  fiotassiuin  chloride  ai-e  heated 
with  very  little  water,  and  the  sodium  chloride  produced  by  thi}  action, 
which  is  a  reversible  one,  is  by  far  the  leiist  .sohible  of  the  four  salts.  On 
the  other  hand,  at  this  temperature,  the  fKJtasaium  nitrate  is  by  far  the 
most  soluble.  Hence  the  hot  licpiid  drained  from  the  crystals  contains 
the  required  salt,  and  most  of  the  sodium  chloride  is  in  the  form  of  a 
precipitate.  If  the  solubility  curve  of  potassium  nitrate  (p.  157)  is  ex- 
amined, it  will  l>c  seen  that  this  salt  is  but  slightly  soluble  in  cold  water, 
and  hcne«  most  of  it  is  deposited  when  tlie  solution  cools.  The  ciys- 
tals  are  mixed  with  little  sodium  chloride,  for,  as  the  curve  shows,  com- 
mon salt  is  little  less  soluble  at  10='  than  it  is  at  100°. 

Potassium  nitrate  gives  long  prisms  belrmging  to  the  rhombic  sys- 
tem (Fig,  98).  It  melts  at  alx>ut  340°,  and  when  mrii-e  strongly  heated 
gives  oEf  oxygen,  leaving  potassium  nitrite  (p.  449).  Although  it  does 
not  form  a  hydrate,  the  crystals  inclose  small  portions  of  the  inother- 
liqiior,  and  consetptently  contain  both  water  and  imimrities.  When 
heated,  the  ciystals  fly  to  pieces  explosively  (decrepitate),  on  account  of 
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the  vaporization  of  this  water.  AU  substances  which  form  large  crystala 
and  do  not  melt  when  warmed,  ijehave  in  the  same  way  arid  for  the  same 
reason.  In  consequence  of  this,  the  purest  salt  Is  made  by  violent  stir- 
ring of  the  solution  during  the  operation  of  crystallization,  the  result 
being  the  foriuation  of  a  crystal-meaL 

Potassium  nitrate  is  used  ehiefty  in  the  manufaeture  of  guupowder, 
which  contains  75  per  oentof  the  highly  puriiied  salt.  The  other  com- 
ponents are  10  per  cent  of  sulphur,  14  per  cent  of 
charcoal,  and  about  1  per  cent  of  water.  The  ingre- 
dients are  intimately  mixed  in  the  form  of  paste, 
and  the  tnatc-rial  when  dry  is  broken  up  and  sifted, 
grains  of  different  sizes  being  used  for  different  pur- 
poses. The  chemical  action  which  takes  place  when 
gunpowder  is  fired  in  an  open  space  proljably  results 
chiefly  in  the  formation  of  potaasiom  sulphide,  car- 
bon dioxide,  and  nitrogen 


loXKie,  ana  mcrogen : 
2KN0,  +  3C  +  S  ->  K,S  +  SCO,  +  N,. 


.^O 


M>^ 
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The  explosion  occurring  in  firearms  follows  a  much 
more  complex  course,  and  half  of  the  solid  product 
is  said  to  be  potassium  carbonate.  The  pressure,  at 
the  temjierature  of  the  explosion,  if  the  gases  could 
be  confined  within  the  volume  originally  occupied  by  the  gunpowder, 
would  reach  about  forty-four  tons  per  square  inch.  In  recent  years 
common  gunpowder  haij  been  displaced  largely  by  stnokeleHs  powder, 
of  which  substances  related  to  gun-cotton  (p.  441)  are  the  chief  compo- 
nents. 

Paper  saturated  with  potassium  nitrate  solution  and  ibJed,  is  known 
as  touch-paper.  The  salt  interferes  with  the  access  of  air  to  the  cellu- 
lose, and  the  oxygen  for  the  combustion  is  obtained  from  the  nitrate. 
The  product  eonseiiuently  does  not  blaze  and  cannot  easily  be  blown 
out. 

Formerly  nitric  acid  was  aU  made  from  p)ota8simu  nitrate,  but  now 
the  cheaper  sodium  nitrate  is  employed  exclusively. 


rotaMlitm  Carbonate.  —  This  salt  is  manufactured  from  potas- 
sium sulphate,  from  the  Stassfurt  deposits,  by  the  Le  Blanc  soda 
process  (q.v.).  A  certain  amount  is  also  obtained  from  the  fatty 
material,  known  as  jko'm^,  which  forms  alx>ut  oO  per  cent  of  the  weight 
of  sheep's  wool,  and  is  separated  from  the  latter  bv  wa-Ki^w     When 


558 


INORGANIC    CHEMISTRTT 


this  material,  which  contains  the  potassium  salt  of  audoric  acid  in 
large  proportions,  is  calcined,  potassium  carlionate  remains,  and  ia  ex- 
tracted from  the  ash  with  water.  Some  [ilants,  like  the  sugar-beet, 
take  up  exceptional  quimtitiea  of  jiotassium  salts  from  the  soil.  The 
molasses  remaining  from  the  crystallization  of  heet-siigar  (p.  500) 
is  mixed  with  yeast  and  fennented.  After  the  alcohol  has  been  dis- 
tilled off,  the  liquid,  containing  organic  salts  of  potassium  in  solution, 
is  evaporated,  and  the  residue  is  ignited.  In  some  districts  potassium 
carbonate  is  still  extracted  from  wood-ashes. 

This  salt  is  usually  sold  in  the  form  of  an  anhydrous  powder  (m.-p. 
over  100()°),  When  crystallized  from  water  it  gives  a  hydrate  2KjCO„ 
3H.,0.  It  is  extremely  deliquescent,  Its  aqueous  solution  has  a 
marked  alkaline  reaction,  The  hydrolysis  of  the  salt  by  the  water  is 
exactly  analogous  to  that  of  sodium  sulphide  (p.  375),  although  not  ao 
extensive.  The  more  elalKirate  scheme  given  in  that  connection  may 
be  put  in  simpler  form  to  show  that  the  action  consists  essentially  in 
the  formation  of  the  ion  HCO,',  by  union  of  the  ion  CO,"  with  the 
hydrion  of  the  water.  This  takes  place  because  the  ionization  of  the 
former  ion  is  small  enough  to  he  commensurable  with  that  of  water  it- 
self :  CO,"  +  IV+  OH'  -»  HCO/  -I-  Oil'.  The  commercial  name  of  the 
substance  is  pearl  a»h.  It  is  used  in  making  soft  soap  and  hard  glass. 
It  is  also  employed,  by  interaction  with  acids,  in  making  salts  of 
potassium. 

Whan  a  concentrated  sohitiou  of  the  salt  is  electrolyzed  in  such  a 
way  that  the  anode,  towards  which  the  KCO,'  ions  travel,  consists  of 
a  thin  platinum  wire,  the  crowding  together  of  the  discharged  material 
results  in  the  formation  of  the  percarbooate  (ef.  p.  397) ; 

2KCO,-f-2®-»KjC30,. 

The  operation  must  be  condueted  between  —15°  and  0°.  When  the 
solution  in  the  porous  cell  surrounding  the  anode  is  evatwrated,  the 
product  is  obtained  as  an  amorphous  bluish-white  powder.  The  sub- 
stance liberates  oxygen  when  heated,  and  in  other  respects  liehaves  like 
the  pei-siilphates.  \Vhen  it  is  treated  witii  a  dilute  acid,  a  solution 
containing  hydrogen  peroxide  is  formed.  The  compound  is  therefore 
a  mixed  anhydride  (p.  397)  of  hydrogen  peroxide  and  potassium  bi- 
carbonate. 


Potatmiunt  Cf/anide, —  Formerly  this  compound  was  made  by 
heating  potassium  carbonate  with  uiti'ogeuous   animal   matter.      So 
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many  other  substances  were  fonned  at  the  same  time,  however,  that 
the  required  product,  which  is  very  soluble,  was  difficult  to  isolate  in 
a  state  of  purity.  It  is  now  made  by  heating  together  potassium  ferro 
cyanide  (?.<■'.)  and  potassium  carbonate.  The  ferrocyanide  acta  as  if  it 
were  a  mixture  of  potassium  cyanide  aod  ferrous  cyanide :  K,Fe(CN), 
—t  ■iKCN  +  Fe(CN)j.  The  latter,  by  interaction  ivith  the  potassium 
carbonate,  would  give  potassium  cyanide  and  ferrous  carbonate,  but  this 
in  turn,  is  decomposed  by  heat  into  ferrous  oxide,  which  is  insoluble, 
and  carbon  dioxide : 

K^Fe{UN),  +  KjCO,  -,  6KCN  4-  FeO  +  CO,. 

When  the  residue  is  extracted  with  water,  only  the  potassium  cyanide 
dissolves,  and  it  is  easily  crystallized  in  pure  form  from  the  solution. 
Very  interesting  is  the  formation  of  potassium  cyanide  in  the  blast 
fiirnac*  (j,i;.).  Carbon  and  nitrogen  unite  at  a  vei-y  high  temperature 
to  form  cyanogen  (p.  260),  and  a  sufficient  amount  of  potassium  is 
found  in  the  materials  to  complete  the  production  of  the  salt. 

Potassium  cyanide  crystallizes  in  cubes.  It  is  extremely  soluble  in 
water,  and  is  therefore  deliquescent.  Its  poisonous  qualities  are  etjual 
to  those  of  hydrocyanic  acid.  The  acid  is  so  feeble  as  to  be  liberated 
even  by  the  carbon  dioxide  of  the  air,  aud  hence  this  salt  always  has  a 
distinct  odor  of  hydrooyanio  acid.  Potassium  cyanide  has  a  gi-eat 
tendency  to  form  complex  compounds  with  cyanides  of  other  metals 
(ef.  p.  636).  Complex  compounds  of  this  kind  are  used  in  the  gal- 
vanic deposition  of  silver  and  gold  in  commercial  electroplating. 
Large  amounts  of  the  cyanide  are  also  used  in  extracting  gold  (>/.«.)  from 
its  ores,  particularly  in  the  Transvaal  colony.  The  teudency  to  form 
complex  compounds  is  doubtless  connected  with  the  fact  that  the 
cyanides  are  unsaturated  compounds  in  which  the  carbon  has  two 
free  valences  :  K-N=C  (p.  507). 

FotaBsium  cyauate  KCNO  is  made  \yy  heating  potassium  cyanide 
in  the  air,  or,  still  letter,  with  some  easily  decomposed  oxide  {p.  507). 
It  is  a  white,  easily  soluble,  crystalline  salt. 

PotaBBlam  tblooyasate  KCNS  may  be  oljtained  by  melting  potas- 
sium cyanide  with  sulphur  (irf.  p.  608).  It  is  a  white,  deliquescent  salt 
which  finds  some  applications  in  chemical  analysis. 


The  Sulphate  and  Bifiulphate.  —  The  sulphate  of  po^sium 
is  a  constituent  of  several  double  salts  found  in  the  Staosfurt  de- 
posits.   It  is  extracted  from  10110611110  3IgS0„  E^SO^,  6H,0  and  kaitat« 
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MgSOuMgCljjKjSOyfiHjO.  The  former  is  treated  with  potassium 
chloride  tmd  comparatively  little  water,  whereupon  the  relatively  ill' 
soluble  potassium  sulphate  crystallizes  out,  and  the  magnesium  chlo- 
ride remains  in  the  mother-hquor.  The  crystals  belong  to  the  rhombic 
system,  contain  no  watar  of  cryatallization,  and  melt  at  1(M>()°.  This  salt 
is  employed  in  large  quantities  in  making  potassium  cai'bonate  by  the  Le 
Ulanc  process  and  in  preparing  alum  (q.v.).  It  is  also  much  used  as  a 
fertilizer.  Since  plants  take  up  solutions  through  their  cell  walls,  they 
can  absorb  soluble  compounds  only.  They  are,  therefore,  dependent, 
for  the  potassium  compounds  which  they  require,  upon  the  weathering 
out  of  soluble  potassium  compounds  from  the  insoluble  potassium 
silicates  contained  in  the  soil.  The  weathering  takes  place  too  slowly 
to  fiu'nish  a  sufficient  supply  for  many  crops,  particularly  that  of  the 
sugar-beet.  Hence  potassium  sulphate  is  mixed  directly  'ft'ith  the  soil. 
The  mineral  kainite  itself  is  used  for  the  sajue  purpo.se. 

Potass ium  hydrogen  sulphate  (bisulphate)  KHSO^  is  made  by 
the  action  of  sulphuric  acid  vipon  potassium  sulphate :  KjS04  + 
HjSO,— >2KHS04.  It  crystallizes  from  water,  in  which  it  is  verj' 
soluble,  in  tabular  crystals.  ^Vhen  heated  to  about  ^OO"  it  melts,  and 
the  elements  of  water  are  eliminated,  the  pyrosiilpbate  remaining : 
2KHS<.\-.Hp  +  K,S,0,.  The  latter,  when  still  further  heated, 
yields  snlphur  trioxide  and  potassium  sulphate.  The  bisulphate  is 
usetl  ill  analysis  for  the  purpose  of  decomposing  oxides  and  silicates 
and  converting  them  into  sulphates.  The  substance  is  more  efficient 
than  sulphuric  acid  for  this  purpose,  because  the  latter  cannot  be 
heated  above  330°,  while  the  libeiution  of  the  active  sulphur  trioxide 
from  this  salt  takes  place  at  a  bright-red  heat.  The  aqueous  solu- 
tion of  the  bisulphate  is  strongly  acid  on  account  of  the  considerable 
ionization  of  the  hydrosulphauion. 

Snlphitlen  of  Fottrssiutn.  —  By  the  treatment  of  a  solution  of 
potassium  hydroxide  with  excess  of  hydrogen  sulphide,  a  solution  of 
potaMlnm  bydragen  sulphide  is  obtained.  Evaporation  of  the  solution 
gives  a  deliquescent  sohd  hydrate  2KHS,  H,0.  When  the  solution, 
before  evaporation,  is  treated  with  an  etjuivalent  amount  of  potassium 
hydroxide,  and  the  water  is  driven  off,  the  sulphide  K^S  remains 
behind  (ef.  p.  375) : 

KHS  4-  KOH  i=i  K,S  +  H,0. 

With  proper  care,  the  very  soluble  hydrate  K^S,  SH^O  may  be  obtained. 
Considerable  amounts  of  sulphur  can  be  dissolved  in  solutions  of  either 
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of  thsse  sulphides.     By  evaporation  of  the  resulting  yellow  liquids,  vari- 
ous polysuljihiiles  have  been  obtained.     To  some  of  these  have  been 
ascribed  the  formulae  K^S,,  Kfi„  KjS,,  KjS,,  and  K.,St   (ff.    p.   376). 
iSimilar   substances    are  produced,  as  a  result  of   the  liberation  and 
ibination  of   sulphur,   when    the  solutions   are   exposed   to  the 
action  of  the  air : 

2KHS  +  O,  _+  2K0H  +  2S. 

In  moat  respects  the  correspoiuling  compounds  of  potassium  and 
sodium  are  similar  in  their  physical  proi>erties  and  chemical  action. 
Since,  however,  the  latter  are  almost  uniformly  less  expensive,  they 
find  much  wider  appHtmtion.  In  a  few  oases,  however,  the  potassium 
salt  is  more  geneially  used.  Thus,  potassium  clilorate  and  potassium 
iixlide  are  much  less  soluble  than  the  corresponding  sodium  compounds, 
and  it  is  conse<iuently  possible  in  each  of  these  two  eases  to  separate 
by  crj'stallizatiou,  and  to  purify  the  potassium  salt  with  greater  ease. 

I'rvfiertiea  of  Kalion :  Analytical  Reactions. —  The  positive 
ionic  material  of  the  potassium  salts  is  a  colorless  substance.  It 
unites  with  all  negative  ions,  and  most  of  the  resulting  conipontKls  are 
fairly  soluble.  For  its  recognition  we  add  solutions  containing  those 
ions  which  give  with  it  the  least  soluble  salts.  Thus,  with  chloroplat- 
inic  acid  lljPtCl,  it  gives  a  yellow  precipitate  of  potassium  chloro- 
platinate  K^PtCl^.  Since  nearly  one  part  of  this  salt  dissolves  in  1(K) 
parts  of  water,  the  test  is  far  f I'om  Iwing  a  deUcate  one.  The  solubility 
in  alcohol  is  much  smaller,  and  conaeiiuently  the  precipitate  may  fre- 
quently be  obtained  from  a  dilute  solution  by  adding  more  than  an 
equal  volume  of  alcohol.  Picric  acid  (p.  441)  gives  potassium  pjcrate 
KC,H,(In'O,),0,  which  is  much  less  soluble  in  water  (0.4  parts  in  100 
at  15^).  Perchloric  acid  and  hydrofluosilicic  acid  likewise  give  some- 
what insoluble  salts  of  potassium.  Pota.ssium  hydrogen  tartrate 
KHCjHjO,  is  precipitated  by  the  addition  of  tartaric  acid  to  a  sufS- 
ciently  cont«ntrated  solution  of  a  potassium  salt.  The  normal  tartrate 
KjCjH^Og  is  much  more  soluble.  It  may  Ije  obtained  by  treating  the 
precipitate  with  a  solution  of  potassium  carbonate  or  potassium  hy- 
droxide. Addition  of  an  acid  to  this  solution  causes  repreeipitation 
of  the  bitartrate. 

Tlte  SpectroMeope,  —  A  much  more  delicate  test  for  the  recognition 
of  a  potassium  compound  consists  in  the  examination  by  means  of  the 
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spectroscope  of  the  light  giveE  out  by  a  Bunsen  flame,  in  which  a 
little  of  the  salt  is  held  upon  a  platinum  wire.  When  the  amount  of 
potassium  ia  considerable,  and  no  other  substance  which  would  likewis* 
color  the  flame  is  present  to  mask  the  effect,  the  violet  tint  is  recog- 
nizable by  the  eye.     In  general,  however,  the  light  must  be  analyzed. 

White  light  is  composed  of  vibrations  of  every  wave-length  within  a 
certain  range.  If  the  light  is  made  up  of  one  or  more  wave-lengths 
only,  it  appeals  to  the  eye  to  be  colored.  Now,  when  a  narrow  bundle 
of  rays  of  white  light,  coming  through  a  slit,  falls  upon  a  three-sided 
prism  standing  with  its  edges  parallel  to  the  slit,  the  rays  of  varioiis 
wave-length  are  retarded  to  different  extents  as  they  pass  through  the 
glass,  and  in  consequence  are  bent  from  their  paths  by  varying  amounts. 
Fig.  99  shows  a  horizontal  section  through  the  slit  (.^)and  prism,  in 

r  which  the  width  of  the  slit  and 
of  the  beam  of  liglit  are  exagger- 
j  violet  ated.  The  light  emerging  at  the 
''  Blue  other  side  of  the  prism  consists, 
/  Yellow  therefore,  of  a  series  of  images 
^^  Bed  of  the  slit  arranged  aide  1^  side. 
^^^^"^  The  red  light  is  least  refracted, 
"  Nf  and  the  red  images  of  the  slit, 
therefore,  are  most  nearly  in  the 
^  same  sti'aight  line  with  the  ori- 
ginal beam.  The  yellow,  green, 
blue,  and  violet  images  are  displaced  more  and  more  from  this  direction, 
and  the  resulting  colored  band  is  called  a  Rpectrom.  The  whole 
series  of  images  of  the  slit  may  be  received  upou  a  screen,  or  dh'ectly 
upon  an  eye  looking  towards  the  prism.  Now,  when  the  light  conie-s 
from  the  vapor  of  potassium  heated  in  a  Bunsen  flame,  thei'e  are  pro- 
duced, not  thousands  of  images  of  the  slit,  representing  as,  miuiy  differ- 
ent wave-lengths  of  light,  but  only  two  images,  one  red,  and  one  deep 
blue,  corresponding  to  the  two  wave-lengths  which  are  alone  contained 
in  the  original  light.  In  a  more  powerful  iustiiiment  other  fainter 
lines  are  seen  also.  Naturally  the  brightness  of  all  these  lines  is 
together  equal  to  that  of  the  original  beam.     No  other  substance  gives 

tany  of  those  particular  lines,  although  many  others  give  blue  and  red 
light  of  somewliat  different  wave-lengths.  Thus,  strontium  oonij)ouuds 
give  a  bluB  light  along  with  several  red  tints,  but  when  strontium  and 
potassium  are  used  together,  the  lines  are  found  not  to  be  coincident. 


In  the  case  of  stroutiuiu,  all  the  lines  lie  nearer  to  the  yellow  than  in 
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that  of  potassium.  Since  the  whole  light  of  the  corapotmd  is  thus  con- 
centrated in  one  or  two  narrow  strips  easily  visible  against  a  dark 
Bkground,  small  amounts  of  the  elements  give  efFeots  which  are 
iily  recognizable  in  the  instrument.  This  remains  true  even  when, 
>the  eye,  the  colors  are  completely  obscured  by  the  much  more  bril- 
liant, yellow  liffljt  which  compounds  of  sixlium  produce.  In  the  spei'- 
trum  of  scjdium,  this  yellow  light  ia  all  concentrated  into  two  yellow 
lines  which  lie  very  close  together. 

Helium  gives  many  lines,  but  one  orange  line  (D,),  in  particular,  w&a 
noted  in  the  si)eetrmn  of  the  sun's  photosphere  many  years  Ijefore  the 
,  element  was  obtainetl  from  terrestrial  sources  by  Ramsay.  IVben  the 
spectra  of  helium  and  other  gases  ai'e  to  be  Ciamined  in  the  laboratory, 
a  little  of  the  material  is  inclased  in  a  narrow,  exhausted  tu)*,  througli 
which  an  electrical  discharge  can  be  passed  between  platinum  wires. 
Under  this  treatment  helium  shows  its  conspicuous  orange  line,  and 
,  hydrogen  a  red  and  two  blue  ones.  In  this  apparatus  compounds  are 
and  give  the  spectra  of  their  constitiients.  When  a  Bunsen 
I  is  used  with  the  salts*  of  metals,  however,  the  temperature  is  not 
high  enough  to  render  visible  the  spectra  of  the  non-inetalB  contained 
in  them.  Indeed,  even  of  the  metals  themselves,  only  the  members 
of  the  alkali  and  alkaline-earth  groups  give  distinct  results. 

RuBiDiusi  AND  Casskth. 

Soon  after  the  invention  of  the  spectroscoije  by  Bunsen  and  Kirch- 
hoS,  the  instrument  was  applied  bo  the  examination  of  many  sub- 
stances. In  ISKO  Bunsen  discovered  several  new  lines  in  the  spectrum 
given  by  materiab  derived  from  the  salts  in  Darkheim  mineral  water. 
Two  new  elements  of  the  alkali  group  were  found  to  cause  their 
presence,  and  were  named,  from  the  colors  of  the  lines  which  they  gave, 
rubidium  (red)  and  caesium  (blue).  Both  elements  have  sine*  be«n 
found  in  small  quantities  in  various  minerals.  Rubidium  is  obtain- 
able with  relative  ease  from  the  mother-liquors  of  the  Stassfurt  works. 

The  metals  may  be  obtained  ty  heating  their  Iiydroxides  with 
magnesium  powder.  The  salts  of  these  two  elements  are,  in  crystal- 
line form  and  solubility,  very  much  like  those  of  potassium.  In  some 
cases  the  difference  in  solubility  is  sufficient  to  make  separation  pos- 
sible. Thus,  a  mixture  containing  com  [pounds  of  these  two  metals 
and  of  potassium  gives  with  chloroplatinic  acid  a  yellow  precipitate, 

■  The  chlorides  are  preferred  becaoie  of  tfaeir  volatility.    Tbe  s^uot  theotf- 

g«n  ftcids  are  dissociated,  and  leave  the  highly  involuile  oxidea  {e.g.  pp.  380,  444). 
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consisting  of  the  three  insoluble  chloroplatinates.  Tlie  solubilities  at 
10',  however,  are  as  follows  :  Potaasium  chloroplatinate  0.9,  rubidium 
ehloroplatinate  0,15,  caesium  ehloroplatinate  0,05,  Hence,  when  the 
mixed  prcuipitates  are  carefully  w;ished  with  small  quantities  of  cold 
water  the  potassium  chloroplatiuate  can  be  almost  entirely  removed. 
On  simUar  principles  the  two  other  uictals  can  be  separated  from  one 
another.  The  iodides  of  all  three  elements  combine  with  iodine,  giving 
tri-iodides  ((/.  p.  235),  of  n-hich  the  tri-iodide  of  caesium  is  the  most 
stable.  Whether  this  is  to  be  regarded  as  show^ing  that  the  metals  may 
occasionally  be  trivalent,  or  whether  the  extra  iodine  must  he  held  to 
have  entered  into  combination  with  the  iodine  of  the  compound,  and  not 
with  the  metal,  has  not  been  determined.  In  the  pamllel  case  of 
hydriodic  acid,  the  union  with  extra  iojJine  (p.  359)  seems  to  show  con- 
cluaively  that  iodidion  can  combine  with  iodine.  While  an  iucliuation 
to  trivalence  in  one  of  the  metals  of  the  alkalies  would  furnish  a  very 
acceptable  link  between  the  two  sides  of  the  first  column  in  the  jieri- 
odic  table  (p.  411),  since  gold  is  a  trivalent  element,  the  latter  of  the 
two  alxive  assumptions  is  more  probably  the  correct  one. 


Ammonipm. 
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The  compounds  of  ammonium  claim  a  place  with  those  of  the 
alkali  metals  because  in  aqueous  solution  they  give  the  ion  NH,*,  an 
ion  which  in  its  behavior  closely  resembles  kalion.  Some  of  the 
special  properties  peculiar  to  ammonium  compounds  have  been  dis- 
cussed in  detail  already  (pp.  420,  421). 

Animnnhini  Chtoride.  —  This  salt,  known  commercially  as 
■alammoniac,  like  all  the  other  compounds  of  ammonium,  is  prepared 
from  the  ammonia  dissolved  by  the  water  used  to  wash  illuminating- 
gas  (p.  418).  It  is  purified  by  sublimation,  ami  then  forms  a  com* 
pact  fibrous  mass.  It  crystallizes  from  solution  in  cubes  or  octahe- 
drons, which  are  often  arranged  according  to  a  feathery  pattern. 
When  heated  to  350°  it  volatilizes  and  is  abnost  completely  dissooi- 
^^  ated  into  ammonia  and  hydrogen  chloride  at  this  temperature  (p.  421). 
^B  Ammonium  bromide  and  ammonium  iodide   are  white  salts  which 

^^      crystallize  in  cubes  or  octaliedrona,  and  are  isomorjdious  with  the  cor- 
I  resjtonding  potassium  salts.     They   are  dissociated  by   heat,  and,  in 

I  the  case  of  the  iodide,  some  of  the  hydrogen  iodide  is  still  further 

I  decomposed,  giving  free  iodine. 
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Annnonttim  HydfoxUle.- — The  nature  and  bebayiorof  this  sub- 
[  Stance  liuve  been  fully  dispussed  (p.  421).     It  may  be  reinai'ked  here 
1  that  its  very  small  basic  activity  as  compared  with  that  of  potassium 
I  hydroxide  is  only  iu  part  due  to  the  low  degree  of  ionization  of  its 
joleciUes.     A  nortnal  solution  of  ainmonia  contains  much  free  Ult^ 
Bides  the  NH^OH  produced  by  its  union  with  water.     Thus,  some 
^part  of  the  material  —  bow  much  we  have  at  present  uo  means  of  de- 
termluing  —  ia  not  actually  iu  the  form  of  a  base  and  is  not  in  directly 
ionizable  condition  at  all.     There  are  indications  that  the  amoujit  of 
uncombined  ammonia  may  Ire  considerable.     Thus  the  organic  deriva- 
tive  tetramcthylainmouium    hydroxide   N(CH,)40H  is  a  very   active 
base  indeed,  and  one  of  the  most  conspicuous  differences  between  it 
and  ammonium  hydroxide  is  that  it  cannot  decompose  into  water  and 
a  nou-ionizable  substance.     It  is  all  available  for  ionization,  while  the 
material  iu  ammonia-water  is  not. 

Amui»Ht»m  Nitrate. — -This  is  a  white  crystalline  salt  which 
may  be  made  by  the  interaction  of  ammonium  hydroxide  and  nitric 
acid.  When  heated  gently  it  decomposes,  giving  nitrous  oxide  and 
water  (p.  450).  It  is  used  as  an  ingredient  in  tire  works  and  explo- 
sives. It  exists  in  no  fewer  than  four  solid  physical  states.  The 
melted  salt  soUdiiies  at  about  160°,  giving  crystals  of  the  regular 
systeui.  When  these  are  allowed  to  cool  somewhat,  and  are  held  at 
a  temperatui-e  a  little  below  125.5°,  tbey  change  gradually  into  a  mass 
of  rbouibohedral  crystals,  the  specific  gravity  and  all  other  physical 
properties  altering  at  the  same  time.  This  temperature  is  a  transition 
point  like  that  at  which  monoclinic  sulphur  assumes  the  rhombic  form 
(p.  3B8).  When  these  rhombohedral  crystals,  in  turn,  are  held  at  a 
temperature  a  little  below  83°  they  change  their  form  once  more  into 
crystals  which  belong  to  the  rhombic  system  and  possess  a  third  dis- 
tinct set  of  physical  properties.  Finally,  below  35"  a  fourth  change, 
into  rhombic  needles,  takes  place,  and  this  condition  of  the  substance 
is  the  one  familiar  at  ordinary  temperatures.  All  these  changes  pro- 
ceed in  the  reverse  oi'der  when  the  temperature  is  elevated  once  more. 


Ammonium  Carbonatt. —  When  ammonium  hydroxide  is  treated 
■ftdth  excess  of  carlxm  dioxide  the  solution  gives,  on  evaporation, 
^^  amrooninin  bicarbonate  NHjHCOj.  This  is  a  while  eiystalline  salt 
^K  which  is  fairly  stable  at  the  ordinary  temperature.  It  has,  ho^^'ever, 
^^  &  faint  odor  of  ammonia,  and  its  dissociation  becomes  ve^  rapid  when 


• 


Y 


: 


INOKGANIC  CHEMISTRY 

slight  heat  is  applied.     \Vhen  a  aolution  of  this  salt  is  treated  with 
aiumoiiiuiii  hydroxide,  the  neutral  carbonate  is  formed: 

NH.HCO,  +  NH,OH  ^  (NH,).CO,  +  H,0. 

But  this  salt,  when  left  in  an  open  vessel,  loses  ammonia  very  rapidly, 
and  leaves  the  bicarbonate  behind. 

The  substance  commonly  sold  as  ammonium  carbonate  is  the  so- 
called  seBquicarboaate,  and  is  made  by  sublimation  from  a  mixture  of 
ammonium  chloride  or  ammonium  sulphate  and  chalk  or  powder«d 
limestone.  It  is  a  mixture,  in  approximately  equi-molar  proportions, 
of  ammonium  bicarbonate  and  ammonlnm  carbamate.  The  latter  is  a 
substance  related  to  urea,  and  formed  when  ammonia  and  carbon 
dioKide  gases  are  mixed : 

2NH,  +  CO, 

^  -"     NH,. 


.0  =  C^^^' 
^0- 


* 


Ammoniiiin  cyanate  ia  interesting  on  account  of  its  rapid  trans- 
formation,  when  wiirnied,  into  urea  {p.  488).     Ammonium  thiooyanate 

NHjNCS  is  a  whiU^  salt  wln('b  finds  some  application  in  analysis. 

Ammonium  Sulphate.  —  This  is  a  white  salt,  crystallizing  in 
rhombic  priauis,  which  is  used  chiefly  as  a  fertilizer.  By  electroylsis 
of  a  concentrated  solution  of  the  bisulphate,  ammonium  persulphate, 
which  is  less  soluble,  ia  formed  and  crystallizes  out  {ef.  p.  3117}. 


^ 


Snlphiflcit  of  Amino nium.^Vf hen  gaseous  hydrogen  sulphide 
and  ammonia  are  mi. X I'd  in  equi-niolar  proportions  and  compressed  or 
strongly  cooled,  ammonium  hjdrogeu  sulphide  2f H^HS  18  formed  as 
a  crystalline  deposit  on  the  vessel.  Li  an  open  vessel,  at  the  ordinary 
temjienUure,  this  solid  dissociates  slowly  into  its  constituents.  The 
•ulpbide,  (NH,>,S,  can  be  produced  under  similar  conditions  by  usin^ 
twitie  as  much  ammojiia.  But  it  is  much  less  stable  and  gives  up  half 
its  ammonia,  pnxhicing  the  acid  sulphide  very  quickly.  Solutions  of 
these  sulphide.s,  made  by  passing  hydrogen  sulphide  ^a  ijito  ammo- 
nium hydroxide,  are  much  used  in  analysis.  The  sulphide  is  almost 
completely  hydrolyzed  l)y  water  into  the  acid  sulphide  and  ainmoniuni 
hydroxide,  its  behavior  being  like  that  of  sodium  sulphide  (p.  376)  : 


2N11,  ^-  H,S  f^  (NH,)„S  ts  2NH,*  +  S 


l,)„S  ts  2NH/  +  8" ) 
H.pt=:     OH'+H-j^ 


HS'. 
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It  is  used  for  the  precipitation  of  sulphides,  such  as  zinc  sulphide, 
which  ar«  insoluble  in  water.  Although  the  S"  ions  are  not  numeroiis 
Jit  any  moment,  disturbance  of  the  equilibrium  by  their  removal,  when 
they  pass  into  combination,  causes  displacements  which  result  in  the 
generation  of  a  continuous  supply.  The  liquid  smells  strongly  of 
ammonia  and  hydrogen  sulphide  on  atjcount  of  the  dissociation  of  the 
parent  molecules.  Becivuac  of  this  dissociation  the  salt  is  preferred  to 
potassium  or  sodium  sulphide  in  analysis.  The  excess  of  the  reagent 
cian  be  driven  out  by  simply  boiling  the  mixture  for  a  few  minutes,  all 
of  the  above  equilibria  being  reversed.  Another  application  in  analy- 
sis depends  on  the  tendency  of  this  salt  to  unite  with  certain  insoluble 
sulphides,  particularly  those  of  tin,  arsenic,  and  antimony  (?.»'.))  giving 
soluble  complex  salts. 

The  solution  dissolves  free  sulphur,  giving  yellow  polyaulphides 
sunilar  to  those  of  potassium  (p.  561).  The  same  yellow  substances 
are  also  obtained  by  gradual  oxidation  of  ammonium  sulphide  when  the 
solution  of  this  salt  is  allowed  to  stand  in  a  bottle  from  which  the  air  is 
imperfectly  excluded. 


MierocoMtnlc  .S'n«.  —  This  salt  would  be  named,  systematically, 
the  tetrahydrate  of  secondary  sodium-ainmonium  ortliojihosphate 
(NaNH^HPO^,  4H3O).  When  ammonium  chloride  and  ordinary  sodium 
phosphate  are  mixed  in  strong  solution  the  hydrate  crystallizes  out. 
The  substance  is  used  in  bead  teats  (c/.  pp.  46T,  468). 

Ammonium-  Anuilfftitn. — -  As  we  have  seen  (p.  550),  a  potassium 
ion  may  be  discharged  and  the  element  which  it  contains  secured  in  the 
free  condition.  When  a  salt  of  ammonium  is  decomposed  by  electro- 
lysis, however,  the  NH,  ion  upon  its  discharge  gives  ammonia  and  hy- 
drogen, and  no  sulistance  NH,  is  obtained.  If,  however,  a  pool  of 
mercury  is  used  as  the  negative  electrode,  the  NH,  forms  an  amalgam 
with  it,  and  there  seems  to  be  no  doubt  tliat  this  substance  is  actually 
present  in  solution  in  the  mercury.  While  the  amalgam  is  being  formed 
it  swells  np  and  gives  off  the  decomposition  products  above  mentioned, 
so  that  the  existence  of  the  substance  is  only  temporary.  The  same 
material  may  be  obtained  by  putting  sodium  amalgam  into  a  strong 
solution  of  a  salt  of  ammonium.  The  action  is  a  displacement' of 
one  ion  by  another  (p.  361) : 


I  nai 


Na  (diss'd  in  mercury)  -|-  NH^'  — *  NH,  (diss'd  in  mercury)  -1-  Na*. 


J 
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This  behavior  is  interesting  since  it  is  in  harmony  with  the  idea  that 
ammonium,  if  it  could  be  isolated,  would  have  the  properties  of  a  metal 
Substances,  other  than  metals,  are  not  miscible  with  mercury. 

Atnmonion  .*  AnalytictU  Reactions. — Ionic  ammonium  is  a  coIot- 
less  substance.  It  unites  with  negative  ions,  giving  salts,  which,  in  the 
majority  of  cases,  are  soluble.  Ammonium  chloroplatinate,  and  to  a 
less  extent  ammonium  hydrogen  tartrate,  are  insoluble  compounds,  and 
their  precipitation  is  used  as  a  test.  The  surest  means  of  recognizing 
ammonium  compounds,  however,  consists  in  adding  a  soluble  base  to 
the  substance  (ef.  p.  421).  The  ammonium  hydroxide,  which  is  thus 
formed,  gives  off  ammonia,  and  the  latter  may  be  detected  by  its  odor. 
The  quantity  of  the  ammonium  salt  present  may  be  determined  by  dis- 
tilling the  mixture  and  catching  the  distillate  in  a  measured  volume  of 
normal  hydrochloric  acid.  Determination  of  the  amount  of  the  acid 
remaining  unneutralized,  by  titration  with  a  standard  alkali  solu- 
tion, then  gives,  by  difference,  the  quantity  of  ammonium  hydroxide. 

Exercises.  —  1.  What  kind  of  metals  will,  in  general,  interact  with 
solutions  of  bases  (c/.  p.  553)  ? 

2.  Why  should  a  mixture  of  potassium  chlorate  and  antimony  tri- 
sulphide  be  explosive  ? 

3.  How  does  the  direct  vision  spectroscope  differ  from  the  arrange- 
ment here  described  (r/.  any  work  on  physics)  ? 

4.  Why  is  not  ammonium  carbamate  (p.  566)  formed  by  the  neutral- 
ization method? 

5.  How  should  you  set  about  making  :  a  borate  of  potassium, 
potassium  pyrophosphate,  ammonium  nitrite  ? 

6.  ^Vhy  is  the  cleaning  of  platinum  wires,  as  usually  effected  by 
holding  them  in  the  Bunsen  flame,  assisted  by  periodical  dipping 
into  hydrochloric  acid  (p.        )? 
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CHAITER   XX  XIV 

SODIUM    AND    LITHIUKI.     IONIC  EQUILXBRKTM   CONSIDERED 
QtJANTITATIVELT 

SoDiDM  chloride  forms  iiioi-e  than  two-thirds  of  the  solid  matter 
dissolved  in  sea- water,  and  the  great  salt  deposits  are  largely  composed 
of  it  Searplants  contain  aodimii  salts  of  organic  acids,  just  as  land- 
plants  contain  potassium  salts.  Chili  saltpeter,  cryolite,  and  albite  (a 
soda  feldspar)  are  important  minerals. 

Preparation,  —  Sodium  was  first  made  by  Davy  (1807)  by  electro- 
lysis of  moist  sodium  hydroxide.  It  is  mannfaetoireil  by  Castner's 
•process,  which  is  xjsed  also  for  potassium  {p.  ooO),  and  by  the  electro- 
lysis of  fused  sodium  hydroxide  by  a  method  likewise  invented  by 
(Jastner.  In  the  latter  case  the  negative  electrtxte  projects  through  the 
bfjttom  of  the  iron  vessel  containing  the  fused  hydroxide.  This  electrode 
is  surrounded  by  a  wire-gauze  partition,  which  is  surmounted  by  a  bell- 
sliaped  vessel  of  iron.  The  positive  electrotle  is  an  iron  cylinder  aur- 
roiindlngthe  gauze.  The  ao<lium  and  hydrogen  liberated  at  the  cathode, 
being  lighter  than  the  fused  uuiss,  ascend  into  the  iron  vessel,  under 
the  edge  of  which  the  hydrogen  escapes.  Oxygen  is  set  free  at  the 
anode. 

Properties.  —  Sodium  is  a  soft,  shining  metal,  melting  at  95.6° 
and  toiling  at  742'^.  The  vapor  is  a  monatomic  gas.  The  ujetal  is 
■  soluble  in  liquefied  ammonia,  giving  a  blue  solution.  Tlie  amalgam  with 
mercury,  when  it  contains  more  than  a  small  amount  of  sodium,  is 
solid,  and  proVialjly  contains  one  or  moi-e  nonipminds  of  the  two  elements. 
This  amalgam  is  often  used  instead  of  the  metal  sodium,  since  the 
dilution  or  combination  with  mercury  makes  the  interactions  of  the 
metal  more  easily  controllable.  Sodium  is  used  in  tlie  manufacture  of 
many  complex  carton  compounds  which  are  employed  as  drugs  and  dyes. 

Sodium  Iff/tlride.^  When  hydrogen  is  led  over  sodium  at  340' 
in  such  a  way  that  the  upper  part  of  the  tube  is  cooler,  a  matted  mass 
of  fine  white  crystals  of  the  hj'dride  is  deiwsited  on  the  cool  part  of 


U 
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the  tube.  The  temperature  must  not  rise  beyond  430°,  smce  the  com- 
pouQci  diasociatea  rapidly  at  this  temperature.  The  propertieB  of  the 
substance  are  similar  to  those  of  potassium  hydride,  (p.  550). 

Sodium  Chloriae.  —  Common  aalt  is  obtained  from  the  salt  de- 
posits of  Stassfurt,  Reichenhall  (near  Salzburg),  in  Cheshire,  at  Syra- 
cuse aiid  Wai-aaw  in  New  York,  at  Salina  in  Kansas,  in  Utah,  Cali- 
fornia, and  many  other  districts.  Natural  brines  are  obtained  from 
wells  in  various  parts  of  the  world.  Sinoe  the  salt  can  seldom  be 
used  directly,  on  account  of  impurities  whieh  it  contains,  it  is  purified 
by  recrystallization  from  water.  Natural  brines,  which  are  sometimes 
dilute,  are  often  concentrated  by  dripping  over  extensive  ricks  com- 
posed of  twigs.  When  the  resulting  brine  is  allowed  to  evaporate 
slowly  by  the  help  of  the  sun's  heat,  large  orj'stals,  sold  aa  "  solar 
salt,"  are  obtainetl.  By  the  use  of  artificial  heat  and  Stirling,  smaller 
crystals  of  greater  purity  can  lie  secured.  Salt  intended  for  table 
use  must  be  freed  from  the  traces  of  magnesiiun  chloride  (y.«.)  present 
in  the  original  brine  or  deposit,  for  this  impurity  causes  it  to  absorb 
moisture  more  vigorously  from  the  air.  The  purest  sfdt  for  chemical 
purposes  is  precipitated  from  a  saturated  solution  of  salt  by  leading 
into  it  hydrogen  chloride  gas.  Explanation  of  this  effect  will  be 
given  presently  (see  p,  584). 

Common  salt  crystallizes  in  cubes,  the  faces  of  which  are  usually 
hollow.  The  crystals  decrepitate  (p.  650)  when  heated,  and  melt  at 
about  820°.  Common  salt  is  the  soui-ce  of  all  sodium  compounds,  with 
the  exception  of  the  nitrate.  From  it  come  also  most  of  the  chlorine 
and  hydrogen  chloride  used  in  commerce. 

The  HydroxUle  and  Oxides,  —  Sodium  hjdro^de  is  prepared 
lx)th  by  the  action  of  slaked  Hme  upon  sodium  carbonate  and  by  the 
electrolysis  of  a  solution  of  sodium  chloride,  precisely  aa  is  potassium 
hydroxide  (p.  654).  An  interesting  method  used  at  Niagara  Falls, 
the  Acker  process,  employs  molten  stjdium  chloride  as  the  electrolyte 
and  molten  lead  as  the  cathode.  The  sodi»mi  forms  an  alloy  with  the 
lejid,  which  continually  circulates  along  the  trough-shaped  cell  and 
back  beneath  a  partition.  On  issuing  at  one  end  it  comes  in  contact 
with  a  jet  of  steam,  and  this  removes  the  sodium  from  the  lead,  forming 
s»xlium  hydroxide.  The  latter  tlows  in  the  molten  condition  from  the 
surface  of  the  lead,  and  the  metal  returns  t«  the  trough. 

Sodium  hydroxide  is  a  highly  deliquescent  substance,  which,  when 
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d  to  the  air,  first  liquefies  and  then  becomes  solid  on  account  of 
ruiatioii  of  sodium  carbonate.  Its  general  eheniical  propertiea 
are  identical  with  those  of  potassium  hydroxide.  It  is  used  in  the 
manufacture  of  soap,  in  the  preparation  of  paper  pulp,  and  in  many 
other  chemical  industries. 

Sodium  perosdde  ^a^O,  is  made  by  passing  slices  of  sodium,  rest- 
ing upon  trays  of  aluminium,  tljrough  a  tubular  vessel.  In  this  it  comes 
in  contact  with  a  current  of  air  which  has  Ijeen  freed  from  carbon 
dioxide  and  is  maintained  at  a  temperature  between  300°  and  4(i0°. 
This  oxide  when  thrown  into  water  decomposes  in  part,  in  oonscquence 
of  the  heat  developed,  gi^-lng  sodium  hydroxide  and  oxygen.  With 
careful  cooling,  however,  nmch  of  it  can  be  dis.solv'ed,  Hy  intemction 
with  acids  it  yields  hydrogen  peroxide.  Sodium  peroxide  is  now  used 
commercially  for  oxidizing  and  bleaching.  The  ordinary  sodium  oadda 
Na,0  is  made  in  the  same  way  as  is  potassium  oxide  (p.  b&B). 


I 


The  Nitrate  and  Nitrttet  —The  occurrence  and  purification  of 
aodlitm  nitrate  have  alreaxly  been  described  (p.  438).  Its  crys- 
tals are  of  rhombohedral  form  (Fig.  9,  p.  14),  This  salt  is  one 
of  the  best  of  fertilizers,  since  it  furniahea  to  plants  the  nitrogen 
which  they  require  in  a  very  easily  absorbed  form.  It  is  used  also  in 
the  manufacture  of  potassium  nitrate,  of  nitric  acid,  and  of  sodimn 
nitrite. 

Sodium  nitrite  is  formed  by  heating  sodium  nitrate  with  metallic 
lead  and  recrystallizing  the  product  (p.  449).  Although  very  soluble 
it  in  less  so  than  potassium  nitrite,  atid  is  tiierefore  more  easily  pre- 
pared in  pure  condition.  It  is  used  a»  a  source  of  nitrous  acid  by 
manufacturers  of  organic  dyes. 

Manufaeture  of  Sodium  Carbonate. —  Natural  sodium  carbon- 
ate is  found  in  Egypt  and  in  other  parts  of  the  world.  At  Owen's 
Lake,  California,  it  is  secured  by  solar  evaporation  of  the  water. 
The  sesquicarbonate  NajC0„NaHC0„2H,0,  being  the  least  soluble 
of  the  carbonates  of  sodium,  is  the  one  deposited.  Locally,  small  (luau- 
titles  of  sodium  carbonate  are  still  made  by  the  burning  of  sea-weed. 
Up  to  the  close  of  the  eighteenth  century  this  was  the  only  source  of 
the  compound,  and  the  product  from  Spain,  known  commerciall}'  as 
barilla,  was  ten  times  as  expensive  as  the  carbonate  now  is.  ' 
glass  and  soap  were  proportionately  dearer  than  at  present. 

In  1791  the  French  Academy  offered  a  priste  for  the 
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an  inexpeusive  method  for  the  preparation  of  aodium  carbonate  from 
common  aalt,  and  l.e  Blauc  jjroposed  tlie  process  which  bears  liis  name 
and  is  still  in  use.  During  the  Revolution  his  factory  was  destroyed, 
Lis  patents  were  declared  to  be  public  property,  and  the  inventor  died 
by  suicide.  The  chief  stsiges  of  Le  lilanc's  process  involve  thr^e  chenni- 
cal  actions.  In  the  first  place,  sodium  chloride  is  treated  with  an  ecLui- 
valeot  amount  of  sulphuric  acid  in  a  large  cast-iron  or  earthenware 
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pan.  The  bisulphate  thus  produced  (rf.  p.  178),  together  with  the 
unchanged  sodium  chloride,  is  raked  out  on  to  the  hearth  of  a  rever. 
beratory  *  furnace  (Fig,  100)  and  heated  more  strongly,  while  being 
continually  worked  by  means  of  rakes,  until  the  action  is  completed  : 

NaCl  +  NaHSO,  ^  Na^SO^  +  HCl  ]. 

The  product  of  this  treatment  is  called   salt-cake.      The   hydrogt^u 

chloride,  which  is  liberated  in  both  stages,  passes  through  towers 
containing  running  water  in  which  it  is  absorbed.  The  second  and 
third  actions  which  fallow  aic  cundneted  in  one  operation.  They  con- 
sist in  the  reduction  of  the  sodium  sulphate  by  means  of  powdered 
coal  and  the  interaction  of  the  resulting  sulphide  of  sodium  with 
chalk  or  powdered  limestone  : 

^ft  Na^Q,  -t-  2C  ^  Na,S  ,+  200^ 

^1  Na^S  +  CaCO.  -»  Na£0,  +  CaS. 

■        . 
^B     stin 

I  plv 


In  the  less  modern  factories  the  salt-cake,  limestone,  and  coal  ar 
stirred  upon  the  hearth  of  a  reverberatory  furnace  and  worked  by  hand. 

•  So  called  becauge  lUe  heated  gases  from  the  (ire  are  defleetai  by  the  roof  and 
pli;  upon  the  maUrials  spread  on  the  bed  of  (.lie  furnace. 


SODIUM 


The  material  is  finally  collected  into  balls,  and  the  end  of  the  action  ia 
recognized  by  the  faet  that  hubbies  of  earljon  nionoxiUu  Iwgin  to  foroe 
their  way  to  the  surface,  and  cause  little  jets  of  blue  fliirne.  The  gits 
is  produced  by  the  action  of  the  coal  upon  the  calcium  carbonate, 
excess  of  both  of  these  substances  being  present : 

CaCO,  +  G  ->  CaO  +  2C:0. 

The  production  of  this  gas  gives  a  porous  texture  to  the  material, 
which  facilitates  the  solution  of  the  sodium  carbonate  in  the  final 
stage.  The  porous  protluot  ia  called  Idaek'axh.  In  modern  factories 
hand  labor  is  saved  by  giving  the  black-ash  furnace  the  form  of  a 
rotating  cylinder,  in  which  projections  from  the  walls  assist  in  liring- 
ing  alx>ut  complete  tijtxing  of  the  materials  during  the  action. 

The  black-ash  varies  very  much  in  composition.  It  commonly 
contains  45  jjer  cent  of  sodium  carlionate,  30  {wr  cent  of  calcium 
sulphide,  10  per  cent  of  calcium  oxide,  and  a  number  of  other  products 
and  impurities.  The  coal  used  in  the  operation  is  selected  so  as  to  be 
as  free  as  possible  from  combined  nitrogen,  the  presence  of  w^hich 
leads  to  the  formation  of  cyanides. 

Calcium  sulphide  is  not  very  soluble  in  water,  and  is  but  siowly 
hydrolyzed  by  it  (p.  376),  especially  when  calcinm  hydroxide  is  present. 
The  sodium  carbonate  is  therefore  extracted  from  the  black-ash  by  a 
systematic  treatment  of  the  ash  with  water.  The  ash  is  placed  in  a 
series  of  vessels  at  different  levels,  and  a  stream  of  water  Sows  from 
one  vessel  to  another,  until,  when  it  issues  from  the  last,  it  is  com- 
pletely saturated  with  sodium  carbonate.  A  temperature  of  30"^  to  40", 
at  which  the  solubility  of  sodiujn  carbonate  is  at  a  maximum,  is 
employed.  When  the  material  in  the  first  of  the  vessels  has  Ijeen 
exhaiisted,  the  water  is  allowed  to  enter  the  second  vessel  directly,  and  a 
vessel  containing  fresh  black-ash  is  added  at  the  lower  end  of  the  series. 
In  this  way  the  most  nearly  exhausted  ash  coiues  in  contact  with  pure 
water,  which  is  in  the  best  position  to  dissolve  the  remaining  sodium 
carbonate  rapidly,  while  the  fresh  black-ash  encounters  a  solution 
already  almost  at  the  point  of  saturation. 

The  saturated  solution  is  evaporated  in  shallow  pans  placed  in  the 
flues  of  the  furnaces,  and  the  monohydrate  Xa,CO„  H^O,  which  crystal- 
lizes from  the  hot  liquid,  is  raked  out  and  dried  by  heat,  leaving  ml- 
cined  soda.  When  this  material  is  recrystalliaed  from  water  and  is 
allowed  to  deposit  itself  from  the  solution  at  the  ordinary  temperature, 
the  decahydrate  NajCO,,  loH,0,  «o(/a  eri/3tul:i  or  teathinfj  toda,  appears. 


u 


The  soJid  residue  fiom  the  extraction  of  the  black-ash  is  known  as 
tank  waste,  and  (lontaiiis  35-55  per  ceut  of  calciuBi  sulphide.  This 
material  coutainB  the  sulphur  of  the  original  sulphuric  acid,  and  its 
treatment  involves  a  problem  of  some  ditticulty.  If  it  is  dumped  near 
the  factory  the  sulphur  is  lost,  and  by  slow  weathering  yellow  solutions 
containing  poly  sulphides  flow  from  the  deeoro  posing  heap  into  the 
sti'eanjs,  and  offensive  odors  of  hydrogen  sulphide  fill  the  air.  The 
most  effective  process  for  the  recovery  of  the  sulphur  and  consequent 
abatement  of  this  nuisance  is  that  of  Chance,  The  product  is  arranged 
in  a  series  af  c-ylinders  through  which  is  passed  carbon  dioxide  from 
a  kiln  of  special  form.  The  hydrogen  sulphide  lil>erated  in  the  first 
cylinder  forms  the  acid  sulphide  with  the  material  eoutaiued  in  the 
second :  , 

2CaS  +  COj  +  Kp  -*  Ca(SH},  +  CaCO^ 

The  further  action  of  the  carbon  dioxide  on  this  product  gives,  finally, 
a  mixture  of  gases  containing  a  larger  proportitm  of  hydrogen  sul- 
phide. By  burning  this  mixture  with  a  limited  supply  of  air,  the 
sulphur  is  then  secured  in  free  condition : 


2H,8-|-0,-»2H,0-»-2S. 


About  70,000  tons  of  sulphur  are  thus  recovered  annually. 

The  Sotvay,  or  aaunonia-soda  prooeas,  invented  in  1860,  is  a  seri- 
ous rival  of  the  Le  Blanc  process.  It  differs  from  the  latter  by 
involving  almost  nothing  but  ionic  actions.  A  solution  of  salt  con- 
taining ammonia  and  warmed  to  40°  tills  a  tower  divided  by  a  number 
of  perforated  partitions,  (.'arbon  dioxide,  which  is  forced  in  below, 
makes  its  way  up  through  the  liquid.  The  ammonium  bicarbonate 
formed  by  its  action  undergoes  double  decomposition  with  the  salt,  and 
sodium  bicarlxinate  which  is  precipitated  settles  upon  the  partitions : 
NaCl -H N H,HC(),  ^  NaHCO,  [  -h  NH^Cl,  or  HCO,'  +  Na'  {^  Na HCO,  | 
The  solid  sodium  bicarbonate,  after  being  freed  from  the  liquid,  is 
heated  strongly  and  leaves  behind  sodium  ftarbonate : 


4 


2NaHCp,  ^  Ka,CO,  +  H,0  \  +  CO,  f . 


The  carbon  dioxide  which  is  libterated  passes  through  the  operation 
once  more.  The  mother-liquor  from  the  sodium  bicarbonate  contains 
ammonium  chloride.  This  is  decomposed  by  heating  with  quicklime, 
and  the  aiumonia  which  is  thus  obtained  is  available  for  the  treatment 
of  another  batch.     The   supply   of   carbon  dioxide  is  generated  in 
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lime-kilns  of  special  form.  The  lime  produced  in  these  kilns  serves 
for  the  liberation  of  the  ammonia. 

This  process  is  cheaper  than  that  of  Le  Blanc,  and  furnishes  a 
much  purer  product.  The  latter  process  continues  to  be  used,  how- 
erer,  because  of  the  hydrochloric  acid  which  is  produced  at  the  same 
time.  This  finds  remunerative  application  in  the  liberation  of  its 
chlorine  for  the  manufacture  of  bleaching  powder. 

A  poBsible  rival  of  these  two  processea  threatens  to  ai'ise  in  the 
treatment  of  electrolytic  sodium  hydroxide  with  carbon  dioxide  gas. 

Propertteti  of  Sodium  Carbonate.  — The  common  form  of 
sodium  carbonate  consists  of  largo  monoelinic  crystals  of  the  det^aby- 
drate.  This  s\ibstance  lias  a  fairly  high  aqueous  tension,  and  loses 
nine  of  the  ten  molecules  of  water  which  it  contains  when  it  is  exposed 
in  an  open  vessel.  When  warmed  it  melts  at  35.2°,  giving  a  solution 
of  sodium  carbonate  in  water.  The  residue  from  evaporation,  above 
35.2°,  is  the  monohydrate.  At  higher  temperatures,  or  with  low  at- 
mospheric aqueous  tension  (p.  121),  this  in  turn  can  be  completely  dehy- 
drated (see  Chap.  xxxv).  The  decahydrate  increases  in  solubility  up 
to  35.2°,  when  it  ceases  to  exist.  Just  alxive  this  temperature  the  mono- 
hydrate  is  the  only  substance  which  is  stable.  Its  solubility  is  the 
same  as  that  of  the  decahydrate  at  36.2°,  and  diminishes  as  the  tem- 
perature is  raised.  The  relations  are  of  the  same  nature  as  in  the  case 
of  sodium  sulphate  (p.  158).  In  aqueous  solution,  sodium  carbonate  ia 
hydrolyzed,  and  shows  a  marked  alkaline  reaction.  The  compound  is 
used  in  large  auioimts  for  the  manufacture  of  glass  and  soap,  and 
is  applied  in  innumerable  ways  in  the  scientiiio  industries  for  pur- 
poses akin  to  cleansing. 

Nearly  all  the  familiar  compounds  of  sodium  are  formed  in  the 
course  of  one  or  other  of  the  processes  by  which  sodium  carlionate  is 
manufactured,  or  are  made  by  the  treatment  of  sodium  carbonate  or 
sodium  hydroxide  with  acids. 


Sodium  Bicarbonate. — This  salt  can  be  prepared  in  a  stat*  of 
purity  by  passing  carbon  dioxide  over  the  decahydrate  of  sodium 
carbonate : 

lfa,CO„10H,O  +  C0,5^  2NaHC0,  +  9H,0. 

The  hydrate  is  spread  upon  a  grating,  through  which  the  water  generated 
by  the  action  drips  away.     This  action  is  reversible,  and  s(jdium  bicar- 


bonate  shows,  ereii  in  the  cold,  an  appreciable  tension  of  carbon  diox- 
ide. Even  a  aolutiou  of  this  salt  gives  off  carbon  dioxide,  when  boiled. 
An  aqneous  solution  of  pure  sodium  bicarbonate  is  neutral  to  phenol- 
phtbalein  on  account  of  the  small  degree  of  ionization  of  the  ion  HCO,'. 
The  salt  is  used  in  the  manufiu;turo  of  baking  powder  and  in  medicine. 

Sodium  Snlphntff.  —  Anhydrous  swlium  sulphate  (thenardite) 
crystallizes  in  the  rbotnbic  system,  and  is  found  in  the  salt  layers, 
The  same  salt  is  contained  in  mineral  waters,  such  as  those  of  Frie- 
drifhshall  and  Karlsbad.  It  is  formed  in  connection  with  the  manu- 
facture of  nitric  acid  from  8,odiura  nitrate,  and  as  an  intermediate 
pro(lu(;t  iu  the  making  of  sodium  carbonate.  Some  of  it  is  also  pre- 
pared at  Staasfurt  by  dissolving  kieserite  (MgSO(,H,0)  in  water 
along  with  sodium  chloride.  When  the  solution  is  cooled  to  QP,  the 
dei;ahydrate  of  sodium  sulphate  crystallizes  out,  and  magnesium  clilo- 
ride  remains  iu  solution, 

TllB  decahydrate  of  sodium  Sidphate,  Glauber's  salt,  forms  large 
monoolinic  crystals  wliich  give  up  ten  molecules  of  water  when  kept  in 
an  open  vessel.  When  heated  the  crystals  melt  at  32.4°,  and  are  re- 
solved into  the  sulphate  and  water.  The  relations  of  the  hydrate  and 
anhydi-ous  substance  in  respect  to  solubility  have  been  fully  discussed 
already  (p.  158).  When  the  decahydrate  is  mixed  with  concentrated 
hydrochloric  acid,  it  is  decomposed,  and  a  part  of  the  sulphate  is  con- 
verted into  sodium  chloride,  the  second  action  being  a  reversible  one. 
This  is  one  of  those  actions  which  proceed  spontaneously,  and  there- 
fore involve  a  diminution  iu  the  store  of  availal)le  energy  in  the 
system,  although,  so  far  as  heat  is  concerned,  a  mai'ked  absorption  of 
this  form  of  energy  takes  place  (c/  p.  27).  The  combination  is  uaed, 
in  fact,  as  a  freezing  mixture. 

Sodium  ThioHulphafe.  —  This  salt  is  made  by  bailing  a  solution  of 
sodium  sulphite  with  sulphur.  It  is  also  obtained  by  boiling  aulpbnr 
with  caustic  soda,  and  crj'stallizes  from  the  mixed  solution  : 

48  +  GNaOH  -^  Na,8s,0,  +  2Na^  +  3H,0. 

It  gives  large,  transparent  monoclinic  crystals  of  a  pentaJiydrate. 
^Vllen  beat«d  it  first  loses  the  water  of  hydration,  and  then  decomposes, 
giving  sodium  sulphate,  which  is  the  most  stable  oxygen-sulphur  com- 
pound of  sodium,  and  sodium  pentasulphide : 

4Na,8,0,  ->  3Na,S0,  +  Na,S,. 
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pFrom  the  latter,  four  unit-weights  of  sulphur  can  be  driven  by  stronger 
heating.  Sodium  thiosulphate  is  used  for  fixing  negatives  in  photog- 
raphy {j-''.)i  and  by  bleaehens  as  antichior  (p.  396). 

Fliodphates  of  Sodium,  —  Common  eodium  phoflphaite  is  a  do- 
^decahydrate  of  the  secondary  orthophoaphate,  NajHPO^,12HjO.  It  is 
Ljuade  by  neutralijiation  of  phosphoric  acid  with  sodium  carbonate,  and 
loiystallizes  from  the  solution  in  large,  transparent  monocliuic  prisms, 
[its  properties  have  already  been  discussed  (pp.  466,467). 

Sodium  metaphospbate  NaPO,  ia  used  for  bead  reactions  (c/.  p.  468). 

Sodtutn  Tettttborate.  —  This  salt  combines  with  ten  molecules  of 
water,  forming  large,  transparent  prisms,  NajB,0,,  lOHjO.  When 
heated  it  loses  water,  and  leaves  the  easily  fusible  anhydrous  salt  iu 
_^glassj  form.  Its  sources  have  already  been  discussed  under  boric  acid 
^^(p.  528).  It  is  used  aa  an  ingredient  in  glazes  for  porcelain,  in 
'        soldering,  and  for  bead  reactions  {cf.  p.  528).  ^^H 

^K       SodiHin  SUicate,  —  A  salt  essentially  of  the  composition  of  the         1 
^^^metasilicate  XajSiO,  (f/.  p.  522)  is  used  for  fire-proofing  wood  and  other  1 

I  materiak.  Sand  which  is  moistened  with  it  and  pressed  in  molds 
forms,  after  baking,  a  serviceable  artificial  stone.  Since  silicic  acid  is 
a  feeble  acid,  this  salt  is  much  hydrolyzed,  and  gives  a  strongly  alka- 
line solution  (p,  523). 

Propertie»  of  Natrion  :  Analytical  Jteactiont.  —  Natrion  is 
a  colorless  ionic  material  which  unites  with  all  negative  ions.  Practi- 
cally all  the  salts  so  formed  are  soluble  in  water.  The  only  ones  which 
can  be  precipitated  are  sodium  fluosilicate,  made  by  the  addition  of 
hydrofluosilicic  acid  to  a  strong  solution  of  a  sodium  salt,  and  sodium 
hydrogen  pyroantimoniate  NajH,Sb,Of,  made  by  similar  addition  of  the 
corresponding  potassium  salt.  For  the  recognition  of  natrion  the 
solution  is  evaporated,  and  the  residue  examined  with  a  S])ectroBCope. 
If  the  yellow  light  persists  longer  than  ooold  be  accounted  for  by  the 
ordinary  deposit  of  dust  on  the  wire,  a  sodium  compound  is  present  in 
tlie  materiaL 

LlTHFlfM. 

The  compounds  of  lithium  are  made  from  amblygonite,  a  mixed 
phosphate  and  fluoride  of  aluminium  and  lithium.  It  occurs  in  lepido- 
lite  (a  litbia  mica)  and  in  other  rare  minerals.     Traces  of  compounds 


I         lite  ^i 


I 


INORGANIC  CIlEMISTltY 


of  the  element  are  found  widely  diffused  in  the  soil,  and  are  taken  up 
by  plants,  jJiirtiuulaHy  toi>auco  and  beets,  in  the  aahea  of  whieh  the 
element  may  be  detected  spectroscopically. 

The  metal  is  libei'ated  by  electrolysis  of  the  fused  chloride,  the 
manipulation  being  facilitated  by  the  addition  of  some  potassium  t;hIo- 
ride  to  lower  the  melting-point  of  the  lithium  salt.  The  melting-point 
and  boiling-point  of  the  free  element  are  higher  than  those  of  auy 
other  alkali-metal,  and  the  specific  gravity  (0.59)  is  lower  than  that 
of  any  other  metal  whatever.  Lithium  not  only  floats  upon  water, 
but  also  in  the  petroleum  in  which  it  is  preserved. 

Tlie  metal  liehaves  towards  water  and  oxygen  like  sodium  (p.  548). 
It  unites  directly  and  vigorou.sly  with  hydrogen  (LiH),  uitrogen 
(I/i,N),  and  oxygen  (Li,t>),  forming  stablti  compounds.  The  chloride 
crystallizes  in  octabedra  (p.  549),  The  relative  iusolubility  (p.  644) 
of  the  hydroxide  (LiOH),  the  carbonate  (LijCO,),  and  the  phosphate 
(Li,PO,,2HjO),  is  in  sharp  contrast  to  the  easy  solubility  of  the  ror- 
I'eapoiiding  compounds  of  the  other  alkali-metals,  and  links  lithium 
with  inagnesimn.  The  compounds  of  lithium  give  a  bright-red  color 
to  the  Bunsen  flame,  and  a  bri|;lit-red  and  a  somewhat  less  bright  orange 
line  are  seen  in  the  spectrum.     The  t^rbouate  is  used  in  medicine. 


loNir  Equilibrium,  ("onsidered  Quantitatively. 


ge 


• 


The  Slmpte  Case.  —  In  view  of  the  predoitiinance  of  ionic  actions 
in  the  chemistry  of  the  metals,  aud  of  the  determinative  eitect  of  ionic 
equilibria  on  many  actions,  it  is  essential  that  we  should  be  prepared 
in  future  for  a  more  exact  study  of  these  phenomena  than  we  have 
hitherto  attempted.  The  whole  basis  for  this  exact  study  has  alre-ady 
been  supplied,  aud  only  more  specific  application  of  the  principles  is 
demanded. 

In  the  first  place,  the  principles  themselves  must  be  ret^alletl. 
\VTien  acetic  acid,  for  example,  ia  dissolved  in  water,  it  is  ionized  thus : 

HC,H,0,;zi  H*  -I-  C,HjO,'- 
Cj  Cj  Cg 

The  amount  of  molecular  acetic  acid  dissociated  per  second  in  a  given 
amouub  of  the  solution  is  proportional  to  the  concentration  of  the  mole- 
cules C^,),  while  the  amount  of  the  two  ionic  materials,  hydrion  and 
acetanion,  uniting  to  form  molecules  of  acetic  acid  depends  on  the 
frequency  of  t^e  encounters  of  the  two  kinds  of  ions  aud  is  }>ropor- 
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tional  to  the  ionic  conueutrations  (p.  297).  The  unit  of  eont'entratiou 
(p.  '250)  is  1  mole  per  liter,  or,  in  tlie  present  case,  60  g.  of  the  auid, 
1  g.  of  hydrion,  and  59  g.  of  aeetanion  respectively,  per  liter,  for  these 
numbers  represent  the  weiglit  of  one  mole  of  each  component.  Accord- 
ing to  the  law  of  concentration  (p.  252) : 


k' 


C,  X  C, 


=  K, 


(1) 


and  the  numerical  value  of  this  fraction,  or  of  K,  remainB  unchanged 
whate%'ev  the  tohil  fimeentratioii  of  the  solution  rnay  !«.  If  thesohitiou 
is  diluted,  for  exiimjjle,  C,  and  C,  diminish  r«.lati%'ely  less  quickly  than 
C\  in  order  that  the  value  of  the  whole  expression  may  remain  the 
same.  This  is  accomplished  by  ionization  of  a  pait  of  the  material 
whose  concentration  is  (\  and  its  transference  to  tJie  ionic  forms  whose 
concentrations  are  C,  and  C„  resijectively  (p.  297). 

A  numerical  example  will  show  that  this  law  of  concentration  ex- 
presses the  facts  with  considerable  exactness.  The  data  in  regard  to 
acetic  acid  are  as  follows  {p.  328)  : 


- 


AtelW.  ApM. 

1. 

Mol»r  Con- 
cent ra- 
tion. 

11. 

Prnporlluu 

of  Whole  M»t». 

rial  Itiniied. 

in. 

Molar  Cuiiceut  ration* 

and  of  i:,H,a,'  <Q. 
{I  X  11.) 

IV. 

MoUr  Coju'ontrar 
tinii  flf 

Uni-molar     . 
Deci -molar    . 
Cenli-niolar  . 

1.0 
0.1 
0.01 

0.004 
0.013 
0.0407 

0.004 

0.0013 
O.WK)407 

1.0-0.004 
0.1  -0.0013 
0.01  -0.000407 

: 


Now  C  J  =  C„  since  the  ions  are  pj-o<luced  in  equal  numljers.  Also, 
for  our  purpose,  the  numbers  to  be  subtracted  in  column  iv  are  rela- 
tively so  aiiuill  that  the  values  1,  0.1,  and  0.01  may  be  taken  to  repre- 
sent C^  without  appreciable  en'or.  Hence,  substituting  the  data  in 
equation  ( 1)  above,  we  have : 

<4i>!  =  .0.160.      ^'  =  .0.169.       1:^^^=. 0,165. 

In  other  words,  although  the  last  solution  is  a  hundred  times  more 
dilute  than  the  first,  and  the  degree  of  ionization  has  increased  ten 
times,  the  whole  expression  remains  close  to  the  value  O.O^IGS  and  is 
essentially  constant. 
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When  concluetivity  data,  like  the  above,  are  applied  in  the  same 

way  to  the  cases  of  more  highly  ionized  substances,  the  values  of  K 
are  less  nearly  constant.  It  is  aujiposed  that  with  thia  class  of  sub- 
stances the  measurements  of  degrees  of  ionization  are  less  accurate, 
although  the  cause  of  the  discrepancy  has  not  been  fully  determined. 
However,  in  the  very  general  apphcations  of  the  data,  which  are  all 
that  we  shall  be  required  to  make,  the  conclusions  will  not  be  affected 
by  this  fact. 

The  expression  for  ionic  eiiuilibrium  in  terms  of  concentration  is 
often  written  in  the  following  fashion  : 

[H-]x[C,HA1  „  ^ 

Here  [H*]  represents  the  molar  concentration  of  bydrion  (C,), 
[CjH.Oj']  that  of  acetanion  (C,),  and  [HOJIjOJ  that  of  molecular 
acetic  acid  (C,).  This  form  is  more  convenient  for  many  reasons,  and 
will  be  employed  frequently. 

ExeegB  of  One  Ion.  —  When,  through  the  presence  of  two  sub- 
atnnees  with  a  coiuniou  ion,  C,  is  not  equal  to  f'„  the  above  Liw  (form- 
ula 1)  still  holds.  For  example,  if  with  one  mole  of  sodium  acetate  and 
one  mole  of  acetic  a<?.id  a  single  liter  of  solution  is  prepared,  the  solu- 
tion will  be  uni-molar  in  respect  to  the  acid  and  to  the  salt  as  well. 
Thus,  ft// the  acetanion  will  Ije  available  for  uniting  both  with  the  hydrion 
and  the  natrion.  Hence  C'„  in  the  expression  for  the  acetic  acid  equi- 
librium, will  be  abnormally  large,  and  the  ionization  of  the  acid  will  be 
repressed.  In  uni-molar  sodium  acetate,  0.53  of  the  salt  is  ionized 
(p.  331),  and,  initially  in  the  mixture  of  acid  and  salt,  the  concentratJKU 
of  acetanion  will  be  .53  +  ,004  =  .534,  or  nearly  134  tiines  larger  than 
in  the  acid  alone.  Hence,  in  order  that  the  product  C^  x  C^  may  re- 
cover, as  it  must,  a  value  much  nearer  to  the  old  one,  C,  must  be 
diminished  to  something  like  ^J,  of  its  former  magnitude.  That  is, 
C,  will  become  equal  to  about  0.00003,  the  rest  of  the  hydrion  uniting 
with  a  corresponding  amount  of  the  acetanion  to  form  molecular  acetic 
acid.  Tlie  effect  of  adding  thia  amount  of  so<iium  acetate  therefore  is 
to  reduce  the  concentration  of  the  ht/drion  Mow  the  amount  wliich 
can  be  detected  by  use  of  an  indicator  like  methyl-orange.  There  is 
no  less  acetic  acid  present  than  before,  but  the  number  of  acid  ions  ia 
very  much  smaller. 

This  action  is  of  course  reciprocal,  and  the  ionization  of  the  sodium 
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aoetate  will  be  reduced  also.  But  the  acetanion  furnished  by  the 
acetic  acid  is  relatively  so  small  in  amount  (.004  against  .63)  that  the 
effect  it  produces  on  the  ionization  of  the  salt  is  imperceptible. 

It  will  he  noted  that  the  acetanion  and  hydrion  diaapjtear  in  equi- 
valent quantities,  for  they  unite.  There  is,  however,  so  much  of  the 
former  that  its  loss  goes  unremarked,  while  there  is  so  little  of  the 
latter  that  almost  none  of  it  remains.  When  substances  of  more  nearly 
equal  degrees  of  ionization  are  used,  both  effects  are  equally  incon- 
spicuous. Thus,  sodium  chloride  and  hydrogen  chloride  in  uni-molar 
solutions  yield  approximately  equal  concentrations  of  chloridion 
(.784  and  .676),  Hence,  if  one  mole  of  sodium  chloride  were  to  be 
dissolved  in  the  portion  of  water  alreajdy  containing  one  mole  of  hydro- 
gen chloride,  the  concentration  of  the  chloridion,  at  a  very  rough 
estimate,  would  be  nearly  doubled.  If  this  doubling  of  the  concentra- 
tion of  chloridion  abnoat  halved  that  of  the  hydrion  (.7S4),  in  order 
tliat  the  expression  [t;i']  x  [H']  -i-  [HCl]  might  remain  constant,  the 
concentration  of  the  hydrion  would  still  be  about  .400  and  therefore 
100  times  as  gi-eat  as  in  molar  acetic  acid.  It  ia  thus  altogether  im- 
jiossible  to  reduce  the  concentration  of  the  hydrion  given  by  an  acthe 
acid  like  hydrochloric  acid  below  the  limit  at  which  indicators  are 
affected,  for  there  is  no  way  of  introducing  the  enormous  concentra- 
tion of  the  other  ion  which  the  theory  demands. 

With  more  crude  means  of  observation  than  indicators  afford, 
effects  like  this  may  sometimes  be  rendered  visible.  This  was  the  case 
with  cuprie  bromide  solution,  to  which  jjotassium  bromide  was  added 
(p.  335).  The  blue  of  the  cuprion  disappeared  from  view,  while  much 
cuprion  was  still  present,  because  the  brown  color  of  the  molecidar 
cuprie  bromide  covered  it  up  completely. 

Special  Case  of  Saturated  Soluttont.  —  The  commonest  as 
well  as  the  most  interesting  application  of  the  conceptions  developed 
above  is  met  with  in  connection  with  saturated  solutions,  especially 
those  of  relatively  insoluble  substances. 

The  situation  in  a  system  consisting  of  the  saturated  solution  and 
excess  of  the  solute  has  been  discussed  already  (p.  158).  In  the  case 
of  potassium  chlorate,  for  example,  we  have  the  following  scheme  of 
equilibria : 

KCIO,  (solid)  ^  KCIO,  (diss'd)  i^iK' +  CIO,'. 

Solution  of  the  solid  is  promoted  by  the  solution  pressure  0 
culea,  while  it  is  opposed  by  the  osmotic  pressure  of  U 
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substanoe,  and  the  solution  is  saturated  when  these  tendencies  produce 
equul  effects  (p.  162).  Now  it  must  be  noted  that  the  tendency 
directly  opposed  to  the  solution  pressure  is  the  pai-tial  osmotic  press- 
ure of  the  dissolveil  nwlecu/fs  alone.  The  chief  contents  of  the  solu- 
tion, the  molecules  and  two  kinda  of  ions  of  the  salt,  and  any  foreign 
material  that  may  be  jiresent,  are  like  a  mixture  of  gases,  and  the 
principle  of  partial  pressure  (p.  88)  is  to  te  applied.  The  ions  and 
the  foreign  material  do  not  deposit  themselves  upon  the  solid,  and  take, 
therefore,  no  jnu't  Jlrtcfli/  in  the  equilibrium  wltich  controls  solubility. 
In  respect  to  this  the  ions  are  themselves  forei^i  substances.  Hence 
the  conclusion  may  be  stated  that  In  BolutloiiB  sattu-ated  at  a.  giTea 
temperature  bj  a  gttren  form  (p.  llSO)  of  the  solute,  the  ooncenttatfOD  of 
the  dissolved  molecules  consldsred  by  themselves  v7iU  be  constant 
Tivhatever  other  substaoces  may  be  present. 

The  total  solubility  of  a  substan(.'e,  as  we  hare  used  the  term 
hitherto,  is  made  up  of  a  molecular  and  an  ionie  part.  The  latter,  as 
we  shall  presently  see,  is  not  constant  when 
a  foreign  substiince  containing  a  common  ion 
is  already  in  the  liquid.  Since  the  treatment 
of  the  subject  require.s  us  now  to  distinguish 
between  the  two  portions  of  the  solute,  a  dia- 
gram (Fig.  101)  will  assist  in  emphasizing 
the  distinction.  The  material  at  the  bottom 
is  the  salt.  The  molecules  and  ions  are  to 
be  thought  of  as  l^eing  mixed  and  as  being 
present  in  numbeiu  represented  by  the  f:u> 
tors  7i  and  m.  Since  no  foreign  body  is  pres- 
ent, the  two  ions  in  this  case  are  equal  iu 
uumlier. 

When  we  now  apply  these  ideas  to  the 
mathematical  expression  of  the  relation : 


nK'-t-mClO,' 


u 


nKClO, 


=  K, 


we  perceive  that,  in  a  saturated  solution,  C^,  the  concentration  of  the 
molecules  is  mutant.  Transposing,  we  have  C,  X  C\  =  Kt',.  Hence 
the  relation  leads  to  the  important  conclusion  that  In  a  saturated 
solutiou  the  product  of  the  molar  concentrations  of  the  ions  U  constant. 

The  practical  beartiig  of  tiiis  inference  appears  at  ont'e  when  we 
suppose  an  excess  of  one  of  the  ions  to  be  added,  and  rememlier  that 
in  chemical  experiments  mixtures  of  substances,  including  those  with 
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common  ions,  are  encoUBterad  much  oftener  than  are  pore  solutious. 
If  the  orit;iual  substance  is  uot  very  soluble,  aud  the  values  of  C\  atid 
C\  are  therefore  small,  one  may  easily  increase  the  value  of  C,  a 
hundredfold  by  adding  a.  material  which  is  sufficiently  soluble  and 
sufficiently  ionized.  To  preserve  the  value  of  the  proiluct  C,  x  C„ 
the  value  of  Cj  will  then  have  to  be  diiuinished  at  once  to  oue- 
hundredth  of  its  former  value.  Thia  can  occur  only  by  union  of 
the  ionic  material  it  represents  with  an  equivalent  amount  of  that 
for  which  C,  stands.  The  molecular  material  so  produced  will  thus 
tend  at  first  to  swell  the  value  of  t',.  But  the  value  of  C,  cannot 
be  increased,  for  the  solution  is  already  saturated  with  molecules,  so 
that  the  new  supply  of  molecules,  or  others  in  equal  numbers,  will  be 
precipitated.  Hence  the  ionic  part  of  the  dissolved  substjujce  may  be 
diminished,  and  the  total  solubility  of  the  substance  is  seen  to  be  in 
reality  a  variable  quantity.  We  have  actually  precipitated  a  part  of 
the  dissolved  material  without  iutroduciug  any  substance,  which,  in 
the  ordinary  sense,  can  Interact  with  it. 

The  product  of  the  concentrations  of  the  ions  C,  x  C,  is  called  the 
Ion-product  constant,  or  solubility  ptoduct,  because  these  two  values 
jointly  determine  the  ma^iitude  of  the  solubility  of  the  substance. 
The  solubility  of  the  molecules  is  irreducible,  but  the  ionic  part  of 
the  dissolved  material  may  become  vanishingly  small  if  the  value 
of  C,  or  C,  is  very  minute.  The  ionic  part  of  any  particular  substance 
is  made  up  of  the  smaller  of  the  two  concentrations  C,  and  C'j,  plus 
an  equivalent  amount,  and  no  more,  of  the  other.  The  rest  of  the 
other  is  part  of  the  solubility  of  some  other  component. 

An  IltitHttfitlon  1  Potas^httn  Chlofafe.  — -  A  numerical  ex- 
ample will  show  how  this  operates.  The  molar  solubility  of  potassium 
chlorate  at  18°  is  .52  (p.  544).  At  this  concentration  about  .70  of  the 
salt  is  ionized.  The  concentration  of  each  ion  is  therefore  .70  x  .62 
=  .36.  That  of  the  molecules  is  .62  —  .36  =  .16.  The  solubility  may 
therefore  conceivably  be  reduced  almost  to  .1(>  by  admixture  of  a  sub- 
stance with  a  common  ion,  but  cannot  be  carried  below  this  value. 
The  ionic  product  C,  x  C„  or  [K*]  x  [CIO,'],  is  .36  X  .36  =  .13. 

The  molar  solubility  of  sodium  chlorate  (p.  544),  which  is  very 
soluble,  is  6.4.  When,  to  the  saturated  solution  of  the  potassium  salt, 
an  equal  volume  of  that  of  the  sodium  salt  is  added,  some  potassium 
chlorate  (the  less  soluble  substanc*)  is  at  once  thrown  down  : 

ilvC10,i=jK*-(-C10.'. 
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Each  solution  is  diluted  by  the  volume  of  the  other.  The  concen- 
trations after  mixing  are  therefore  :  Kt'lOa,  .20 ;  NaClOg,  3.2.  The 
deffree  of  ionization  of  the  potassium  chlorate  is  diminished  aomewhat 
by  the  addition  of  the  more  concentrated  sodium  chlorate  solution,  that 
of  the  latter  somewhiit  increased  by  the  mixing  with  the  more  dilute 
potassium  chlorate  solution.*  Leaving  out  of  consideration  the  minor 
(change  in  the  degrees  of  ionization,  the  concentration  of  the  K*  ions 
would  be  approximately  .70  x  .26  —  .18 ;  that  of  the  part  of  the  CIO,' 
ions  coming  from  the  potassium  chlorate  would  be  the  same  ;  that  of 
the  molecules  .26  —  .18  =  .08.  0(  the  sodium  chlorate  alxiut  .27  is 
ionized,  so  that  the  concentration  of  each  of  its  ions  is  roughly  .27  x  3.2 
=  .80,  Thus,  the  total  concentration  of  chloranion  is  momentarily 
.18  -H  .86  =  1.04.  The  product  [K*]  x  [010,'],  .18  x  1-04,  is  larger 
than  .13,  and  so  each  of  the  factors  will  be  reduced  by  an  equal  amount 
until  the  product  equals  .13.  Leaving  once  more  the  changes  in  the 
degrees  of  ionization  out  of  account,  for  our  rough  calculation,  the 
equation  (.18  —  a*)  (1.04  —  3-)  =  .l.'l  gives  x  =  ,05.  Subtracting  this 
quantity,  we  have  the  concentrations  ,13  X  -99  =  .13  (nearly).  That 
is  to  say,  .05  moles  per  liter  will  be  precipitated  from  doitble  the 
original  volume  of  the  potassium  chlorate  solution,  or  .1  moles  of  the 
original  .62  moles  in  tlie  solution.  Thus,  roughly,  the  final  disposition 
of  the  material  originally  present  in  one  liter  is : 

Precipitated 10  moles. 

Kemaiuing  dissolved,  molecular  .08  X  2  =  .16  moles. 

Bemaining  dissolved,  ionic      .    .13  x  2  =  .26  moles. 

.62  moles. 

Other  IllitittraHonB.  —  The  precipitation  of  sodium  chloride  from 
a  saturated  solution,  by  the  introduction  of  gaseous  hydrogen  chloride 
(p.  570),  is  to  be  explained  in  the  same  manner.     A  rough  calcnlatioD, 

similar  to  that  made  above,  would  show,  however,  that  the  fraction  of 
the  whole  material  precipitated  is  smaller  In  the  case  of  salt  than  in  the 
case  of  iwtassium  chlorate.  This  is  because  salt  is  much  more  soluble. 
With  a  substance  even  less  soluble  than  potassium  chlorate  the  effects 
are,  conversely,  relatively  much  greater. 

•  The  degree  of  ionization  of  a  salt  {e.g.  KCIOJ  in  miitureB  of  salts  which  all 
ionize  with  equal  readiaeHs,  ia  approximately  tliat  which  it  would  be  tn  a  pure  solu- 
UoD  of  the  aalt  (KCIO,}  of  a  oioiar  concentration  equal  to  the  total  molar  concen- 
tralioD  of  all  the  salts  present.  For  exanipte,  in  the  above  case,  for  potaasiuiu 
chlorate  it  would  be  tliat  of  a  ,'28  f  S.2,  or  3.40  uiotar  solution,  and  for  sodium 
chlorsae  it  would  be  the  same. 
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The  evolution  of  a  steady  stream  of  hydrogen  chloride  is  often 
accomplished  by  allowing  concentrated  sulphuric  acid  to  flow  into 
saturated  hydrochloric  acid  (p.  182).  The  effect  is  due  in  part  to  repres- 
sioa  of  the  iouization  of  the  hydrogeu  chloride  and  elimination  of  mole- 
cules of  the  gas  from  the  water  which  is  already  saturated  with 
molecules  of  the  same  kind.  The  "salting  out "  of  soap  (p.  005)  is 
another  phenomenon  similar  to  those  described  above  (see  p.  721 ). 


DirfctloH  of  a  Chetnienl  Change  Determinetl  by  Ionic  Con- 
eentffition».  Rule  for  PreclpiNttitin  or  Solution  of  luHolubte 
S»fbittaHceH, —  In  disf^ssing  the  niaiiufaeture  of  potassium  hydroxide 
(p.  553),  it  was  mentionefl  that  the  action  of  milk  of  lime  on  jwtaasium 
carbonate  is  reverseil  when  the  coucentration  of  the  KOH  becomes  too 
great  : 

Ca(OH),{solid)  j^Ca(0H)..(di8s'd)  izt20H'+Ca"  1  ^  CaC0,{di88'd)  j^ 

K,CO,  f±  2K*  +  CO."  /     CaC0.(8olid). 

The  whole  theory  of  the  moat  common  influences  of  ionic  concen- 
tration may  be  illustrated  by  this  one  examjile. 

We  will  imagine  this  action  to  be  carried  out  at  18",  instead  of 
100°,  since  exact  data  in  regard  to  the  situation  at  the  latter  temperar 
ture  are  lacking.  The  molar  solubility  of  calcium  hydroxide  at  18°  is 
,02,  and  alwut  .88  of  the  dissolved  molecules  are  ionized. 

Thus  the  molar  concentration  of  the  Ca'*  ions  is  .88  of  .02  or  .0176. 
That  of  the  OH'  ions,  since  each  molecule  gives  two  of  them,  will  be 
2  X  ,0176,  or  ,0352,  The  solubility  product  is  [Ca"]  x  [OH']*,  in 
which,  when  the  substance  is  present  by  itself,  the  values  are  .0176  X 
(.0352)>. 

Calcium  carbonate  is  precipitated  by  the  action  and  the  liquid  is 
therefore  saturated  with  tliis  salt.  Its  molecular  solubility  is  .00013 
Q>.  544).  In  so  dilute  a  solution  we  may  regard  the  ionization  as  being 
complete.  Hence  the  molai*  concentrations  of  Ca"  and  of  CO,"  are  each 
.00013.  The  solubility  product  of  calcium  carbonate  is,  therefore, 
(.O0013)f  Now  the  hydroxide  at  first  furnishes  Ca"  continuously  with 
the  concentration  ,0176,  and  the  potassium  carbonate,  which  is  all  dis- 
solved from  the  beginning,  gives  V<\"  in  relatively  high  concentration. 
Thus  Ixsth  the  ions  of  calcium  carbonate  are  present  in  great  excess,  and 
this  compound  is  precipitated  rapidly.  Leaving  other  matters  out  of 
consideration,  we  should  expect  the  precipitation  to  go  on  until  one 
or  other  of  the  iugredieuts  was  almost  all  used  up  and  the  product 


INORGANIC   CHEMISTRT 

[fa-']  X  [CO,"]  had  fallen  to  (.OOOlSj-'.     This  presents  the  theoiy  of 
/irefijiifntion  in  its  relation  to  ionic  conctintratitm.  I 

Ftirther  refleotion  sbowa,  however,  that,  in  this  particular  action.  , 
tilt!  hyilroxiilion  continually  accmnulates  in  the  solution.  It  Ix^^ns  at  | 
a  i'oneeiiti';itiyii  of  .0,'{52  and  g^rows  until  it  equals  that  of  the  kalion  | 
(whose  concentration  ia  constant  throughout  and  nee^l  not  he  consid- 
t^t-ed).  Tlie  finat  result  is  a  solution  of  jiotassium  hydroxide.  Let  us 
consider  the  effect  of  this  upon  the  dissoh'iiig  of  the  calcium  . 
hydroxide : 

Ca{OH),  (aoHd)  ^  Ca(OH)j  (diss'd)  ^  Ca"  +  20H'. 
f  PC 

When  the  potassium  hydroxide  has  become  di-molar,  corresponding  to  . 
the  formation  of  an  11.2  per  cent  solution  of  f'au.stiu  potash,  .67  of  its  | 
iiioh'culi's  art*  ionized,  and  thcrefitrt' the  (concentration  of  hyd  vox  id  Ion  is 
'J  X  .<>*  or  1.34.  In  other  words,  one  of  the  factors  in  the  solubility 
pri)du(*t  of  calcium  hydroxide  has  become  very  large.  As  we  have 
st'en.  that  product  is  normally  constituted  of  the  factors  ,0176  X 
(.0351')'  iiiid  eiiuals  .(l^lilS.  Henire  when  the  hydt-oxidion  reaches  .0362 
+  1.34  or  1.3752,  both  factors  must  be  reduced  by  an  equal  amount  in 
order  that  the  pnxluct  may  retain  the  value  .0^218.  Thus  (.0176  —  x) 
(l..?7o2  -  2j-Y  ~  .0000218.  Solving  this  cubic  equation  by  trial,  we 
liiid  .t  =  .0175.  Tills  gives  the  value  of  the  concentration  of  the  rtal- 
cion,  .0176  ~  X  ~  .0001.  The  concentration  of  Ca"  is  thus  less  than 
.0001,'^,  that  given  by  calcium  carbonate,  and,  if  the  potassium  cai'bouate 
liius  by  this  time  been  exliausted,  the  concentration  of  Ca**  and  CO,"  will 
lie  smaller  than  those  foruiinsr  its  solubility  product,  and  this  salt  can 
no  longer  he  precipitated.  In  fact,  the  precipitation  may  cease  before 
so  much  as  11.2  pi3r  ceut  of  potassium  hydroxide  has  been  formed. 

It  tlitis  appears  that  the  atstion  goes  forward  liecause  calcium  car- 
Vtonate  is  less  solulile  than  calcinm  hydroxidt?,  but,  in  presence  of  a 
sufficient  twneentTation  of  potassium  hydroxide,  this  relation  will  Vie 
n>versed,  calcium  cirbouate  may  dissolve  ami  calcium  hydroxide  be 
precipitated.  When  the  tlireetion  of  an  action  is  thus  determined  by  a 
difference  in  solubility  amongst  slightly  soluble  substances,  ionic  con- 
eentrations  may  exercise  a  decisive  influence  on  the  result. 

This  illustrates  thit  rule  which  descriljes  the  conditions  under  which 
solution  or  preoipitatioQ  proceeds :  If  the  product  of  the  molar  concen- 
trationa  of  any  pair  of  ions  (one  an  anion,  and  one  a  cation)  in  a  solution      i 
i«  leait  than   the  solubility  product  for   the  saturated  solution  of  the      i 
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BUbBtance  formed  by  union  of  tbosa  lona,  tlie  anbataace,  If  present  in 
excess,  "will  dissolTe.  In  the  i;ase  just  dcsuriLied  this  oouditioii  is  ful- 
Klled  at  fii-st  for  Ca(OH)j  and  afterwards  for  OaCOj.  Conversely,  if 
the  product  of  the  concentrations  of  any  pair  of  iona  in  a  solutjon  is 
greater  than  the  solubility  product  for  the  saturated  solution  of  the  sub- 
stance, the  latter  'will  be  precipitated.  In  the  present  instance,  first 
CaCOj  find  then  Ca(r>H)2  wen?  the  suhstitnees  in  this  situation.  This 
rule  defines  tlie  conditions  for  all  precipitations  of  iouo^^ens  in  cheiiiia- 
try,  and  is  therefore  continually  in  applicsition. 


ExerclHe»,  —  1.  The  vapor  density  of  sodium  jwroxide  has  not 
l)een  determined.  Why  is  the  formula  NajO^  nevertheless  asai^ed  to 
it  ?     What  is  its  graphic  formula  7 

2.  Construct  a  scheme  of  equilibria  (p.  371)  showing  the  hydroly- 
sis of  calcium  sulphide.  Why  does  the  presence  of  cahnum  hydroxide 
diminish  the  tendency  to  hydrolysis? 

3.  In  terms  of  the  principle  stated  on  p.  587  explain  the  precipita- 
ion  of  insoluble  hydroxides  by  the  iuldition  of  a  soluble  liydroxirle  to 

a  salt.     What  will  be  the  effect  of  using  au  excess  either  of  the  salt  or 
of  the  soluble  hydroxide  ? 

4.  Calculate  (p.  583)  the  effect  of  ;itlding  2  volumes  of  a  saturated. 
(3.9  molar)  solution  of  potassium  chloride  to  a  saturated  (.o2  molar) 

olution  of   potassium  chlorate.      Assume   that   1,95   molar   KCl   is 
71  ionized. 

6.  What  will  be  the  effect  of  atlding  a  concentrated  solution  of 
silver    nitrate  to   a  saturated    (p.  581  )   solution   of   silver   sulphate. 


CHAPTEE  XXXV 


THE  METALS  OF  THE  AI.KAI.mE  EARTHS 


I7ie  Chemical  Reiattons  of  the  Elemetttn. —  The  metals  of  this 
group,  calcium  (Ca,  at.  wt.  40.1),  strontium  (Sr,  at.  wt.  87.6),  and  ba- 
rium (Ba,  at.  wt.  137.4),  constitute  a  typical  chemical  family  both  in  the 
qualitative  reaeuiblance  to  one  another  of  the  elements  and  correspond- 
ing compountla  and  in  the  quantitative  variation  iu  the  properties  with 
increasing  atomic  weight.  The  metals  themselves  displace  hydrogen 
vigorously  from  cold  water,  giving  hydroxides.  The  solutions  of  these 
hydroxides,  although  dilute,  on  account  of  a  rather  small  solubility, 
are  strongly  alkaline  in  reaction.  The  high  degree  of  ionization  of  the 
hydroxides  recalls  the  hydroxides  of  the  metala  of  the  alkalies,  aod 
their  relative  insolubility  the  hydroxides  of  the  "earths"  ('/■''.). 

In  all  their  compounds,  calcium,  strontium,  and  barium  are  bivalent. 
The  hydroxides  are  formed  by  union  of  the  oxides  with  water,  and,  ex- 
cept in  the  case  of  barium  hydroxide,  are  easily  decomposed  again  by 
heating.  The  carbonates,  when  heated,  yield  the  oxide  of  the  metal 
and  carbon  dioxide,  barium  cai'bonate  being  the  most  diffiimlt  to  decom- 
pose, The  nitrates  are  broken  up  by  heating  and  yield  the  oxide  of  the 
metal,  nitrogen  tetroxide,  and  oxygen.  In  these  and  other  respects 
the  compounds  of  the  metals  of  the  alkaline  earths  resemble  those  of 
the  heavy  inetals  and  differ  from  those  of  the  metals  of  the  alkalies. 
Barium  approaches  the  latter  most  nearly. 

The  table  on  p.  644  shows  that  the  chlorides  and  nitrates  of  calcium, 
Btiontium,  and  barium  are  all  soluble  in  water,  the  solubility  dimin- 
ishing in  the  order  given.  The  sulphates  and  hydroxides  cover  a  wide 
range  from  slight  solubility  to  extreme  insolubility.  Oi  the  sulphates, 
2100,  110,  and  2.3  parts,  respectively,  dissolve  in  one  million  parts  of 
water,  In  the  case  of  the  hydroxides  the  order  of  magnitude  is  i-eversed, 
and  the  corresponding  numbers  are  200,  630,  and  2200.  The  carbon- 
ates are  almost  as  insoluble  as  is  barium  sulphate.  The  new  element, 
radium  (Ra,  at.  wt.  225),  appears  to  belong  to  this  family  (see  under 
Uranium), 
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Calcium. 

Occurrenee.  —  The  fluoride,  and  the  vai'ioua  forms  of  the  carbon- 
ate, sulphate,  ami  phosphate  which  are  found  in  nature,  are  descriljed 
below.  Aa  silicate,  calcium  occurs,  along  with  other  metals,  in  many 
minerals  and  rocks.  It  is  found  also  in  plants,  and  its  compounds 
ai'e  important  constitueuts  of  the  bones  and  shells  of  animals. 

Tfie  Metal,  —  Although  the  alkali  metals  can  be  liberated  by  heating 
the  carlionates  with  carbon,  the  inetaLs  of  the  present  family  are  not 
obtainable  by  this  meaiis.  This  may  be  due,  in  part,  to  imperfect  con- 
tact between  the  materials  in  consequence  of  the  infnaibility  of  the  ox- 
ides. Calcium  is  most  easily  matle  by  electrolysis  of  the  molten 
chloride.  A  hollow  cylinder  made  of  blocks  of  carbon  bolted  togetlier 
and  open  above,  forms  the  anode.  A  rod  of  copper  hanging  so  that  its 
end  dips  into  the  melt  forms  the  cathode.  The  melting  of  the  anhy- 
drous calcium  chloride  with  which  the  cylinder  is  tilled  is  started  by 
means  of  a  thin  rotl  of  carbon  laid  across  from  the  anode  to  the  cath- 
ode. When  the  iieat  generated  by  the  passage  of  the  current  through 
this  highly  resisting  medium  has  melted  a  sufficient  amount  of  the  salt, 
tlie  rod  ifl  removed,  and  the  resistance  of  the  fused  material  suffices  to 
maintain  the  temperature.  The  calcium  rises  round  the  cathode  and 
collects  on  the  surface  of  the  bath.  By  slowly  elevating  the  copper 
t!athode,  the  calcimn,  which  adheres  to  it,  may  be  drawn  out  of  the 
fused  mass  in  the  form  of  a  gradually  lengthening,  irregular  rod.  The 
rod  of  calcium  is  kept  constantly  in  contact  with  the  metol  wbJch 
acciunulates  on  the  surface,  and  thus  forma  one  of  the  electrodes. 

Calcium  is  a  silver-white,  crystalline  metal  (m.-p.  760%  sp.  gr.  1.86) 
which  is  a  little  harder  than  leatl,  and  can  hn  cut,  drawn,  and  rolled. 
It  interacts  violently  with  water.  When  dry  and  cold  it  is  inactive, 
but  when  heated  it  unites  vigorously  with  hydrogen,  oxygen,  the  halo- 
gens, and  nitrogen.  It  burns  in  the  air,  giving  a  mixture  of  the  oxide 
and  nitride.  The  presence  of  the  latter  may  be  shown  by  the  libera- 
tion of  ammonia  when  water  is  brought  in  contact  with  the  residue: 

Ca,N,  -H  6a,0  -» 3Ca(0H),  -|-  2NH,. 

Calcium  Hydride.  —  The  hydride  CaHj,  when  formed  by  direct 
union  of  the  constituents,  is  a  white  crystalline  body.  It  interacts 
vigorously  with  water,  liberating  hydrogen, 
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Calcium  Chloride.  —  Calnion  is  present  in  small  amount  in 
sea-water,  and  lit^ure  lompmuids  contaiuing  calcium  chloride,  sueli  as 
tacliyririte  CaClsjlIgCl,,  12HjO,  are  fouad  in  salt  deposits.  The  salt, 
for  wliic)]  there  is  no  extensive  commercial  application,  is  formed  iu 
large  quantities  aa  a  by-product  in  several  industrial  operations.  Thus, 
it  arises  in  the  liberation  of  ammonia  from  ammonium  chloride  by  the 
action  of  lime,  in  the  manufacture  of  potassium  chlorate  (p,  273),  and 
in  the  Solvay  sotla  process  (p.  574),  \iy  evaporation  of  any  solution  the 
hesahydrate  of  the  salt,  CaClj,6HjO,  is  obtained  in  large,  deliquescent, 
.six-sided  prisms.  On  account  of  the  great  concentration  of  a  satu- 
rated solution  of  this  compound,  the  solid  and  solution  do  not  reach  a 
condition  of  equilibrium  with  ice  («/.  p.  164)  until  the  temperature  has 
fallen  to  —48°.  The  freezing  mixture  must  be  made  with  the  hydrate, 
and  not  with  the  anhydrous  salt,  as  the  latter  gives  out  much  heat  in 
di.S8olvliig,  The  former,  on  the  other  hand,  ateorba  heat  in  liquefying, 
as  all  solids  do. 

There  are  several  otlier  hydrates  of  calcium  chloride  containing 
leas  than  tiHjO,  and  those  conUiining  less  water  have  lower  aqueous 
tensions  (c/  p.  122)  than  tliose  containing  more,  By  elevating  the  tem- 
perature, however,  it  is  easy  to  raise  the  aqueous  tension  even  of  the 
monohydratc  until  it  exceeds  the  partial  pressure  of  water  vapor  in 
ordinary  moist  air,  and  so  to  drive  out  the  water.  To  perform  this 
rapidly,  a  temperature  of  over  2W)°  is  required.  The  dehydrated 
calcium  chloride  forms  a  porous  uui-ss  which  is  used  in  chemical  labo- 
ratories for  drying  gases  and  liquids.  Usually  the  dehydration  is  left 
incomplete,  as,  at  the  temperature  required  to  complete  it  rapidly,  some 
iiiteractii>u  with  the  water  occurs  (CaCl,  +  IIjO  —*■  CaO  -f  2HC1),  and 
11  little  free  alkali  is  present  in  the  product.  When  calcium  chloride 
is  used  as  a  drying  agent,  it  is  naturally  able  to  reduce  the  partial 
pressure  of  the  water  vapor  only  to  the  value  of  the  aqueous  tension  of 
liic  hydrate  which  is  present,  and  no  further.  Even  at  low  tempera- 
tures the  aqueims  tensions  of  hydrates  are  always  perceptible  («y' 
p.  121).  Concentrated  sulphuric  acid  is  a  more  thorough  drying  agent 
than  calcium  chloride,  and  phosphorus  pentoxide,  whose  hydrated  form 
(metaphosphoric  acid)  has  no  observable  aiiueous  tension,  is  better  still. 

Calcium  chloride  forms  molecnlar  compounds,  not  only  with  water, 
but  also  with  ammonia  (CaCl^SNH,)  and  with  alcohol.  For  drjnng 
these  substances,  therefore,  quicklime  is  employed.  Hydrogen  sulphide 
interacts  with  the  salt,  giving  hydrogen  chloride,  wliich  renders  the 
gas  impure.     This  gas  is  therefore  dried  with  phosphorus  pentoxide. 
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Cntcium  Fluoride,  —  This  <-^oiii|)oiiri(l  oi'dirn  in  nalmv  lus  fliu>riti! 
or  fluor-spar  CaF^.  It  crystallizes  in  uulx*8,  is  iuHoluhle  iu  walei-,  and 
wheu  pure  is  colorless.  Natural  apecimpns  often  possess  a  gre«n  lint. 
or  show  a  violet  fluoi-escetn^e.  It  is  forimxl  as  a  pruinpitate  when  a 
soluble  fluoride  is  added  to  a  solution  of  a  wait  of  i-alriTiin. 
f  Fluorite  is  used  in  the  etdiing  of  glass,  as  the  souwe  of  the  hydrogen 
'  fluoriile  (p.  241).  It  is  easily  fusible,  fts  its  niuno  iniliivitos  (Lat. ,//«(' ro, 
to  flow),  and  is  employed  in  metallurfjifal  operations,  for  the  piirj>o»e 
i»f  lowering  the  melting-point  (c/V  p.  163)  of  tlie  sla^  (?•«'. )i  wid  bo  facili- 
tatinf^  the  separation  of  the  latter  frani  the  metal. 

Culrtit}H  C'H»'6«M«/e. —  Thiseoitipound  is  found  very  plfttitifiilty  in 
nature.  Limestone  is  a  compact,  indistinctly  iTystallinL*  variety,  while 
marble  is  a  distinctly  crystalline  form.  Chalk*  is  a  dejKwit  lUrtiMint^ 
ing  of  the  calcareous  parts  of  minute  orgatiisnm;  and  egK-sl>cll»',  «yittc»r- 
sbells,  coral,  and  pearls  are  otlter  varieties  of  or^'auie  orij:;iri.t  A 
laminated  kind  of  limestone  found  at  Soluhofeit  is  used  foi  ]itho){raphJc 
work,  Calcite  and  Iceland  spar  (Ger.  s/mlten,  to  split)  are  pure  crys- 
tallized calcium  carbonate.  The  former  occurs  in  flat  rhruidx>licdron8, 
or  in  pointed,  six-sided  crystals  (Fig.  52,  p.  I'M)  known  as  ttcalenohc* 
dxons  ("dog-tooth"  spar)  belougiug  to  the  sauie  system.  Ail  the 
crystals  split  with  ease  parallel  to  three  planes  of  cleavugt-,  giviiiK  rhom- 
bohedrons  of  the  shape  shown  in  Fi^.  9  (p.  14),  but  this  n<tiirly  cubieal 
form  is  itself  seldom  found  in  nature.  An  entirely  ditTerent  (Tyst»l- 
lised  variety  is  known  as  araeoulte.  I'his  beloiigit  to  the  rbuiuhie 
system,  although  complex  crystiila  (••  twinti ")  of  hexaKoual  outliiie  con- 
stitute the  most  fainiiiar  spe<'imens.  Aragonite.  wheu  heated  Ktrongly, 
resolves  itself  into  a  mass  of  minut*;  crystaln  of  calcite,  and  the  latter 
is  the  more  stable  form  of  the  &ub&tan<.'e.  \\'heil  luilciuni  uvrix/uate  is 
produced  by  precipitation  it  is  at  Hr»t  amorphous  but  slowly  becomes 
cryatalline.  In  cold  liquids  the  resuliiug  crystals  are  calcitif ;  but  in 
warm  solutions  the  less  stable  form,  that  of  amgimite,  ii>  first  assumed. 

When  heated,  calcium  carbonate  diss<x;iat«8,  giving  carbon  dioxide 
and  quicklime : 

At  ordinary  temperatures  the  decomposition  is  impemeixtible.     Ou  the 
contraij,  atmospheric  carbon  dioxide,  in  spite  of  its  very  low  {jaitial 

•  Btsf  If  hoard  >*  crsyuti "  is  uauily  aude  of  gypnun  aod  imm  of  cbalk, 
t  Tie  bard  coveriti^  of  rrttcueei  sod  iiuecU  are  imx  oisde  o<  Uu* 
bat  of  an  ot^aic  maUrial  called  eUda. 
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pressure,  combines  with  iiuieklime,  giving  "  air-slaksd  "  lime.  As 
the  temperature  rises,  however,  the  tension  of  cai'boii  dioxide  coming 
from  the  carbonate  increases,  and  has  a  iixed  value  for  each  temperature. 
If  it  is  continually  allowed  to  escape,  so  that  the  maximum  pressure  is 
not  reached,  the  whole  of  the  salt  eventually  decomposes.  If,  on  the 
other  hand,  the  gas  ia  confined,  the  system  reaches  a  condition  of  equi- 
librium. Attempts  to  increase  the  iiressure  on  the  gas  beyond  the 
dissociation  pressure  proper  to  the  existing  temperature,  result  in 
recombination.  The  phenomenon  i-s  precisely  similar  to  the  dissocia- 
tion of  barium  dioxide  (p.  liST)  and  to  the  evaporation  of  a  liqiud 
(p.  117).  The  following  data  show  the  actual  tensions  at  -various 
temperatures : 


Tem(>erature 

547° 

(J25° 

740" 

810° 

812° 

Tension  in  mm. 

27 

5G 

289 

G78 

753 

Thus  at  812°  the  pressure  almost  reaches  one  atmosphere,  and  at  8' 
it  approaches  two  atmoapheres. 

Limestone  is  used  in  the  manufacture  of  quicklime  ('/.''.)  and  of 
glass.  It  is  employed  largely  as  a  flux  in  metallurgy,  when  minerals 
rich  in  .silica  are  brought  into  fusible  form  by  the  production  of  calcium 
siUcate  (CaSiO,).    Large  amounts  also  find  application  as  building-stone. 


The  Phaxe  Rule,  n  Method  of  Clamtift/lng  fill  Sj/ntemn  iu 
EfiiiiUbriiim.  —  The  formal  resemblance  that  we  have  just  shown  to 
exist  between  the  modes  of  behavior  of  a  system  composed  of  water 
and  water-vapor  in  physical  equilibrium,  on  the  one  hand,  and  of  a 
system  made  up  of  calcium  oxide,  carbon  dioxide,  and  undecom posed 
calcium  carbonate  in  chemical  equilibrium,  on  the  other,  is  not  a  co- 
incidence. A  study  df  all  kinds  of  systems  in  equilibrium  shows  that 
their  different  modes  of  behavior  are  limited  in  variety  and  can  be 
classified  in  a  very  simple  way. 

The  categories  useil  for  classification  are  ;  (1)  the  lodependent 
componentB  in  the  system,  and  their  number;  (2)  the  distinct, 
physically  separable  parts  or  phascB  (p.  15(V)  of  the  system,  and  their 
number;  and  (3)  the  oonditiona  —  temperature,  pressure,  and  concen- 
tration (or  volume)  —  and  the  degree  of  variability  in  the  conditions 
which  is  possible  without  the  oecurrence  of  a  change  in  the  number  of 
the  phases. 

The  mode  of  employment  of  these  three  categories  may  be  illus- 
trated in  the  order  of  their  mention  : 
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1.  In  the  water  and  water- vapor  system,  water  is  the  only  com- 
ponent. In  the  calcium  carbonate  ayBtein,  tlie  independent  components 
are  two  in  number,  calcium  oxide  and  carbon  dioxide. 

2.  In  the  water  and  water-vapor  system  there  are  two  phanes,  the 
litiuid  phase  and  the  vapor  phase.  In  the  calcium  carbonate  system 
there  are  three  phages  —  two  solid  phases,  the  carbonate  and  oxide,  and 
one  gaseous  phase,  the  carbon  dioxide. 

3.  In  the  water  and  water- vapor  system  either  the  temperature  or 
the  pressure  may  be  altered,  within  certain  limits,  at  will.  But, 
whichever  one  of  these  two  conditions  it  be  that  is  tims  changed,  the 
preservation  of  the  two  phases  will  at  once  require  a  simultaneous 
motlification  in  the  other  condition,  of  such  a  uatm^e  as  will  suit  the 
new  value  of  the  first.  Thus,  if  the  pressure  upon  the  vapor  is  raised, 
the  vapor  phase  will  be  destroyed  (p,  117)  imless  the  temperature  is 
simuStaneously  elevated  to  a  certain  defuiite  point  (p.  116).  Sim- 
ilarly, if  the  temperature  is  raised,  the  liquid  phase  will  all  pass  into 
vapor  unless  a  sufficient  increase  in  the  pressure  is  simultaneously 
effected.  There  is  therefore  one,  and  only  one  degree  of  vainability  in 
the  conditions  —  the  system  is  uulvariant.  By  a  study  of  the  cal- 
cium carbonate  system,  as  described  above,  it  will  be  seen  that  it  also 
is  a  univariant  system. 

A  part.ial  generalization  of  these  results  leads  to  the  conclusion 
that  when  the  number  of  tlie  phases  exceeds  the  number  of  the  compo- 
nents by  one,  the  system  is  univariant.  Additional  illustrations  are 
now  required  for  reaching  a  still  more  general  statement. 

If  ice  te  added  to  the  water  and  water- Viipor  system,  and  the  system 
be  allowed  to  reach  equilibriuui  with  all  three  phases  present,  we  hud 
on  analyzing  as  before:  one  component  (water),  three  pluses  (solid, 
liquid,  and  gaseous),  and  no  variability  in  the  system.  Neither  tem- 
perature nor  pressure  may  be  altered  without  ensuing  disappearance 
of  one  or  other  of  the  three  phases.  This  system  is  therefore 
Invariant. 

It  thus  appears  that  with  an  equal  numljer  of  components,  the 
moie  phases  we  have,  the  more  restricted  are  the  possibilities  of 
change  iu  the  conditions.  When  the  number  of  phases  equals  the 
number  of  components,  the  system  is  bivariant ;  when  the  number  of 
phases  exceeds  the  number  of  components  by  one,  the  system  is  uni- 
variant ;  when  the  number  of  pliases  exceeds  the  number  of  compo- 
nents by  two,  the  system  is  invariant,  and,  in  general, 

Ptaa««a  +  "Variable  conditions  =  Component*  +  2, 
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The  laWj  of  whinli  this  equation  is  the  most  couijtai-t  expression,  is 
known  as  the  phase  rule,  and  was  tirst  formulated  by  Willard  Gibbs,  of 
Yale  University.  It  ajiplios  to  physical  and  eheniieal  equilibria 
witliout  distinction,  and  involves  no  couaideration  of  molecular  or  other 
hypotheses. 

Thus,  the  formal  reseinblanne  between  the  dissociation  phenomena 
exhibited  by  calcinm  carlionate  and  other  coniponnds,  on  the  one  hand, 
and  the  behavior  of  a  liipiid  in  contaet  with  its  vapor  on  the  other,  is 
due  simply  to  the  fact  that  in  eai^h  taise  the  nnniher  of  jihases  exceeds 
the  numlier  of  components  by  one.  This  will  Ix*  found  to  hold  in  all 
(mses  where  there  is  at  each  temperature  a  constant  dissociation  press- 
ure. A  deeonqtosing  hydrate,  for  exanijilc,  fnrnishes  such  a  case. 
The  system  is  matle  up  of  one  gaseous  phase  ( water- vajwr)  and  two 
solid  phases  (the  hydrate,  and  the  anhydrous  aul*stance  or  &  lower 
hydrate).  It  has  three  phases  and  Uvo  components  (water  and  the 
anhydrous  substance),  and  is,  therefore,  univariant, 

Again,  when  we  have  a  sharp  transition-point  at  a  fixed  temper- 
ature, that  is,  a  unique  temperature  at  which  alone  several  ditferent 
states  of  aggregation  of  a  substance  can  co-exist  (p.  115),  the  system 
is  always  invariant.  Thug,  ice  and  water  (and  vapor)  co-exist  at  the 
melting-point  of  ice ;  three  pliases  and  one  component.  Again,  two 
iifjuid  forms  of  sulphur  (p,  3f»9)  co-exist  with  sulphur  vapor  at  ItJO"; 
which  is  the  transitiou-fioint:  three  phases  and  one  component  as  before. 
Still  again,  at  96°  two  solid  forms  of  sulphur  (p.  'MiH)  oo-exist  with 
sulphur  vapor.  In  these  cases  the  change  which  tiikes  place  at  the 
transition  point  is  purely  p/ii/niraf.  Analogous  eases  in  which  the 
change  is  a  chemu-al  one  are  equally  familiar.  The  decahydrate  of 
sodium  carbonate  decomposes  (p.  ^75)  above  36,2'.  At  this  temper- 
ature the  decahydrate  and  the  monohydrate  co-exist  with  the  saturated 
solution  and  water-vapor  :  four  phases  and  two  components.  The  sys- 
tem is,  therefore,  invariant.  The  cases  of  gypsum  (see.  p.  603)  and 
sfxlium  sulphate  (p.  o7t>)  are  similar. 


Hard  Wnter.  —  Calcium  carbonate  h  almost  insoluble  in  water. 
In  the  colrl  the  solubility  is  a  little  over  1  part  in  100,000;  in  hot 
water  the  solubility  is  even  smaller,  Wat*r  containing  carlxtnic  acid 
dissolves  it  more  freely,  oa  account  of  the  formation  of  the  more 
soluble  calcium  bicarbonate  (^ef.  p.  482) ; 

Capo,  +  H,C0,5=»Ca(HC0,)j. 
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A  oonsiderable  excess  of  itiirbonit^  anid  is  required,  as  the  action  is 
mazkediy  reversible.  At  15^  a  liter  of  water  saturated  with  ('arhou 
dioxide  (at  760  mm,  pressure)  dissolves  0.385  g.  of  the  carbonate, 
whereas  a  liter  of  pure  water  dissolves  but  .013  g.  With  a  higher 
pressure  of  carbon  dioxide  still  larger  aiaouuts  may  he  dissolved.  Con- 
versely, wheo  the  carbon  dioxide  is  driven  out  by  boiling,  the  carboB- 
ate  18  reprecipitated. 

Water  (.'outaiuing  salts  of  lime  or  magnesia  in  solution  is  known  as 
hard  water.  The  carbonate,  which  may  be  thrown  down  by  boiling, 
gives  "  temporary  hardness,"  while  the  sulphate  of  caluium,  since  it  is 
soluble /ler  sf?  and  is  not  affected  bj  Ixtiling,  gives  "permanent  hard- 
ues.<}."  Soap  will  not  produce  a  lather  with  hard  water  until  the 
calcion  ha.s  all  been  pref^ipitated  in  the  form  of  the  eakiuni  salts  of 
stearic,  palmitic,  and  oleic  acids  (p.  600).  Commercially,  the  hardness 
is  therefore  measured  by  the  fjuantity  of  a  standard  soap  solution 
which  is  just  sufficient  to  produce  a  persistent  lather  in  a  given  amount 
of  the  water. 

The  temporary  hardness  may  be  removed  by  adding  to  the  water  a 
quantity  of  slaked  lime  sufficient  to  convert  the  excess  of  carlwuic  acid 
into  calcium  carbonate.  The  permanent  hardness  may  be  destroyed  by 
the  addition  of  sodium  carbouate.  In  both  coses  the  precipitated  car- 
bonate is  allowed  to  settle  or  is  separated  by  tiltration. 

When  evaporated  in  steam-boilers  bard  water  leaves  liebind  a  heavy 
deposit  of  boiler-crust  containing  all  the  salts  formerly  in  solution. 
Similar  water,  when  it  dries  slowly  on  the  roofs  of  caverns,  gives  rise  to 
stalactites.     The  drippings  form  stalagmites  on  the  floors. 

Calcium  Oxide,  —  Pure,  oxide  of  calcium  may  be  made  by  ignition 
of  pure  marble  or  calcite.  For  commercial  purposes  linie9t<jue  is  con- 
verted into  quicklime  in  kilns.  In  the  United  States  the  "long-flame" 
process,  in  which  the  kiln  is  first  charged  with  limestone  and  a  fire  is 
then  kindled  in  a  cavity  left  at  the  bottom,  is  the  one  most  commonly 
used.  Elsewhere,  tlie  limestone  and  coal  are  thrown,  in  alternate 
layers,  into  the  kiln,  and  tiie  products  are  withdrawn  at  the  bottom.  The 
latter,  the  "  sbort-llauie  "  method,  demands  less  fuel,  since  the  operation 
is  continuous,  and  the  structure  is  never  allowed  to  cool,  but  the  quick- 
lime is  mixed  with  the  ash  of  the  coal.  In  both  cases  a  free  passage  of 
excess  of  air  through  the  mass  is  desirable  in  order  that,  by  reduction 
of  the  partial  pressure  of  the  carbon  dioxide,  the  reverse  action  (p,  267) 
may  be  miui-nized.     The  better  the  ventilation,  the  lower  the  tempera^ 
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ture  at  which  rapid  decompositiou  can  be  effected  (rf.  p.  692).  The 
lowest  temperature  that  will  suffice  is  employed,  as  strong  beating  need- 
lessly favors  the  interaction  of  the  calcium  oxide  with  the  clay  which 
most  limestone  contains.  The  product  of  the  interaction  with  clay, 
calcium  silicate,  is  fusible,  and  by  closing  many  of  the  pores  of  the 
quicklime  renders  the  subsequent  slaking  imperfect. 

Pure  calcium  oxide  is  a  white,  porous  solid.  It  is  infusible  even  in 
the  oxyhydrogen  flame,  but  may  be  melted  and  boiled  in  the  electric 
arc.  It  is  not  reducible  by  sodium,  or  by  carbon  excepting  at  tiie 
temjierdture  of  the  electric  furnace. 

Calcium  Uiftii'oxirle.  —  When  water  is  poured  upon  quicklime 
it  is  first  absorbed  into  the  pores  mechauically.  The  chemical  unioD 
by  which  the  hydroxide  is  formed  : 

CaO  +  H,0  f±  Oa(OH)„ 

proceeds  slowly.  When  it  is  complete  the  product  is  a  fine  powder 
occupying  a  much  larger  volume  than  the  original  materials.  The 
action  is  accompanied  l)y  the  development  of  much  heat,  and  during 
its  progress  a  part  of  the  water  is  driven  off  as  steam.  The  actiou  is 
reversible,  and  at  a  high  temperature  the  hydro.'iide  can  be  dehy- 
drated. Quicklime  from  pure  limestone  slakes  easily,  and  is  known  as 
"fat"  lime.  That  made  fi'om  material  containing  clay  or  magnesium 
carbonate  is  "poor"  lime.  The  latter  slakes  slowly  and  often  incom- 
pletely, and,  when  used  for  mortar,  does  not  harden  so  satisfactorily. 

Calcium  hydroxide  is  slightly  soluble  in  water,  600  parts  of  water 
dissolving  1  part  of  the  hydroxide  at  18°,  and  aliout  twice  as  much 
water  being  required  at  100°,  The  solution,  relatively  to  its  concen- 
tration, is  strongly  alkaline.  On  account  of  its  cheapness,  this  sub- 
stance is  used  by  manufacturers  in  almost  all  operations  reciuiring  a 
base,  and  it  thus  occupies  the  same  ]K)8ition  amongst  bases  that  sul- 
phuric acid  does  amongst  acids.  When  the  presence  of  much  water  is 
unnecessary  or  undesirable,  a  siispension  of  the  solid  hydroxide  in  the 
saturated  solution  ("  milk  of  lime  "),  or  even  a  paste,  is  employed. 
In  such  eases,  as  in  the  manufacture  of  caustic  alkalies  (p.  585),  the 
action  takes  place  with  the  part  which  is  at  the  moment  in  solution, 
aud  proceeds  through  the  continual  readjustmeut  of  a  complex  set  of 
equilibria.  Some  of  the  industries  in  which  caustic  lijne  plays  a  part 
are :  the  manufacture  of  alkalies,  bleaching  powder,  and  mortar,  the 
removal  of  the  hair  from  hides  in  preparation  for  tanning,  and  the 
purification  of  illuiainating-gas  (p.  513). 


THK    MKTALS  OF  THE    AI.KAUNR   EARTHS 


597 


Mortar  and  Cement.  —  Mortar  is  mmJe  by  mixing  water  witli 
slaked  lirae  aiid  a  large  proportion  of  sand.  The  "  hardening  "  process 
consists  in  an  interaction  of  tiie  carbon  dioxide  of  the  air  with  the 
calcium  hydroxide : 

CO,  +  Ca(OH),  -» CaCO,  +  H^O. 

After  the  superficial  parts  have  been  changed,  the  process  goes  on 
very  slowly,  and  many  years  are  required  before  the  deeper  layers  have 
been  ti'ans formed.  The  minute  crystals  of  calcium  carbonate  which 
are  formed  are  interlaced  with  the  sand  particles,  and  a  rigid  mass  is 
tiiially  produced.  Tlie  sand  is  useful  in  two  ways.  lu  the  first  place, 
it  makes  the  wliole  material  more  porous,  and  so  facilitates  the 
diffusion  of  the  gas  into  the  interior.  In  the  second  place,  since  the 
sand  is  not  itself  altered,  its  presence  prevents  the  formation  of  large 
cracks  which  would  otherwise  arise  from  the  shrinkage  that  accom- 
panies the  formation  of  the  carlwnate.  The  "hardening"  does  not 
begin  until  the  excess  of  water  used  in  making  the  mortar  has  evapo- 
rated, and  heuce  ordinary  mortal-  is  unsuitable  for  u.se  in  damp  places 
such  as  cellars. 

Cement  is  made  by  Strongly  heating  a  mixture  of  limestone,  clay, 
and  sand,  and  pulverizing  tlie  product.  Some  natural  liraeatoues,  con- 
taining over  20  per  cent  of  clary,  give  cements  without  the  addition  of 
other  ingi'edients.  When  the  cement  is  mixed  with  water,  it  gradually 
sets  to  a  solid  mass  which  appears  to  consist  of  a  mixture  of  silicates 
of  calcinm  and  aluminium.  The  change  proceeds  throughout  the 
whole  material  simultaneously,  since  it  is  not  dependent  on  access  of 
any  gas,  and  not,  as  in  the  case  of  mortar,  from  the  surface  inwards. 
For  this  reason  the  hai-dening  of  cement  occurs  just  as  well  under 
water  as  in  any  other  locality. 

Cnlctum  Oxalate.  — This  salt  may  be  observed  under  the  micro- 
scope iu  the  cells  of  many  plants.  It  appears  in  the  form  of  needle- 
shaped  or  of  granular'  crystals.  Since  it  is  the  least  soluble  salt  of  cal- 
cium, its  formation  is  used  as  a  test  for  cah^ium  ions.  Calcium  is  es- 
timated quantitatively  by  adding  ammonium  oxalate  to  the  neutral  or 
slightly  alkaline  solution  of  the  calcium  salt.  The  precipitate  is  sep- 
arated by  filtration,  washed  with  water,  and  then  heated  strongly  (ienltod) 
in  a  crucible.  The  product  weighed  is  calcium  oxide,  CaCjO^  — .  CaO 
+  CO,  -f-  CO,  More  often,  perhaps,  the  oxalate  is  ignited  with  sul- 
phuric acid,  and  the  calcium  weighed  as  sulphate. 
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luteracfion  of  InaolttMe  HattH  with  AcUlx,  BeitultiHtf  in  So- 
lution o/'t/iif  Suit.  —  It  wus  iiotetl  above  that  for  the  i;oinplete  piecip- 
itfitioii  of  caluiuni  oxalate  a  neutral  solution  must  be  used.  The  salt 
passes  into  solution  wUeti  in  cioutact  with  acids,  especially  active  acids. 
Thus,  with  liydrocbloric  aciil,  it  gives  calcium  chloride  and  oxalic  acid, 
Iwth  of  whicli  are  soluble : 

CaC,0, }  +  2HC1  iz±  CaC),  +  HjCjO^.  (1) 

The  action  of  acids  upon  insoluble  salts  is  so  frequently  raentioneil  in 
chemistry  and  is  so  important  a  factor  in  analytical  operations  that  it 
demands  sep.irate  discussion.  The  present  case  is  a  typical  one  and 
may  be  used  as  an  illustration. 

According  to  the  rules  alreatly  explained  (p.  587),  calcium  oxalate 
(or  any  other  salt)  is  precipitated  when  the  product  of  the  concentra- 
tions of  the  two  requisite  ious  [t'a**]  x  [*-'-/\"}  exceeds  the  solu- 
bility product  for  a  saturated  solution  of  calcium  oxalate  in  pure  water. 
If  \v«  assume  complete  ionization,  this  value  in  the  present  instance 
(p.  644)  will  1*  [0.0,43]  x  [0.0,43],  When,  on  the  contrary,  the 
product  of  the  concentrations  of  the  two  ions  falla  below  the  limit- 
ing value,  a  condition  which  may  arise  from  the  removal  in  some  way 
either  of  tlie  Ca"  or  of  the  (',0,"  ions,  tlie  undissociated  molecules 
will  ionize,  and  the  solid  will  dissolve  to  replace  them  mitil  the  ionic 
concentrations  necessary  for  equilibrium  with  the  molecules  have  been 
restored  or  until  the  whole  of  the  solid  present  is  consumed.  Now  an 
ion  may  be  removed  in  two  ways.  It  may  combine  with  another  ionic 
material  to  form  either  (1)  a  still  more  insoluble  substance,  or  (2)  a 
substance  which  although  soluble  is  less  highly  ionizetlthan  tlie  original 
salt.  The  former  of  these  causes  determined  the  solution  of  calcium  hy- 
droxide  and  precipitation  of  calcium  carl)onate  in  the  manufacture  of  po- 
tassium hydroxide  (p.  686).  Here  it  is  tlie  other  cause  which  comes 
into  operation.  The  oxalanion  from  the  calcium  oxalate  combines  with 
the  bydrion  of  the  acid  (usually  au  active  one)  which  has  been  added, 
and  forms  raolecuJar  oxalic  acid : 


C,0/'  +  2H*  fcf  HjCjO,. 


(2) 


L 


Hence  dissociation  of  the  dissolved  molecules  of  calcium  oxalate  pro- 
ceeds, being  no  longer  balanced  by  encounters  and  unions  of  the  now 
depicted  inns,  and  this  dissociation  in  turn  leads  to  solution  of  other 
molecules  from  the  precipitate. 

It  will  be  seen  tliat  this  second  plan  for  the  removal  of  ions  will  be 
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sful  only  when  thp  new  acid  is  a  feebly  ionized  one.  Here,  to  be 
5c,  the  concentration  of  the  C'jO/'  in  the  eiinitibrinm  (2)  above 
must  be  less  than  that  of  the  same  ion  in  a  saturated  oalcimn  oxalate 
solution.  Now  oxalic  acid  does  not  belong  to  the  least  active  class 
of  acids.  Its  ionization  is  chiefly  into  H'  and  HC,0/,  as  is  nsnal 
with  dibasic  acids,  but  the  latter  ion  is  broken  np  to  an  appreciable 
extent  into  H*  and  C.X>/'.  There  is,  however,  a  decisive  factor  in  the 
situation  which  we  have  not  yet  taken  into  account.  The  hydrochloric 
acid  which  we  used  for  dissolving  the  precipitate  is  a  very  highly 
ionized  acid  and  gives  an  enormously  greater  concentration  of  liydrion 
than  does  oxalic  acid.     Hence  the  hydrion  is  in  excess  in  equation  (2), 

and  the  condition  of  equilibrium  for  oxalic  acid,  - — L^  .K\-,  *     =  K 

in  this  particular  case,  will  be  satisfied  by  a  correspondingly  small 
concentration  of  OjO,".  The  whole  change,  therefore,  depends  for  its 
accomplishment  not  only  on  the  mere  presence  of  hydrion,  but  on  the 
repression  of  the  ionization  of  the  oxalic  acid  by  the  great  excess  of 
hydrion  furnished  by  the  active  acid  that  Las  been  used.  As  a  matter 
of  fact,  we  liud  that  a  weak  acid  like  acetic  acid  has  scarcely  any  effect 
upon.a  precipitate  of  calcium  oxalate.  An  acid  stronger  than  oxalic  acid 
must  be  employed.     The  whole  scheme  of  the  equilibria  is  as  follows  : 

CaC,0.  (soUd) i=;CaC,0,  (diss'd)  t?  Ca"  +€,0."  I  _  „  P  O  fdiss'd^    CU 
2HC1  <=;  2< '1' -f- 2H  ■  (  ♦— ■"a'-VJUtii^s  *^;-   V^J 

When  excess  of  an  acid  suflSciently  active  to  furnish  a  large  concen- 
tration of  hydrion  is  employed,  the  last  equilibrium  is  then  driven 
forward  and  the  others  follow.  With  addition  of  a  weak  acid,  only 
a  slight  displacement  occurs,  and  the  system  comes  to  rest  again  when 
the  molecular  oxalic  acid  has  reached  a  sufficient  concentration. 

A  generalization  may  be  based  on  these  considerations  ;  an  iuaoluble 
salt  of  a  given  acid  trill  io  general  interact  and  dissolve  ^ivhen  treated 
with  a  solution  containing  another  acid,  provided  that  tbe  latter  acid 
la  a  mor«  highly  ionized  (more  active)  one  than  the  former  (see  below). 
This  principle  furnishes  one  of  the  means  of  measuring  the  relative 
activity  of  different  acids,  for  the  more  active  the  aci<ls  the  larger  will 
be  the  amount  of  the  insoluble  salt  (say  calcium  oxalate)  which  equal 
quantities  of  equivalent  solutions  will  decompose. 

Even  active  acids  frequently  fail  to  bring  salts  of  weak  acids  into 
solution,  especially  when  the  weak  acid  is  itself  present  also.  Here 
the  cause  lies  in  the  fact  that  such  salts  are  less  soluble  than  those  of 


the  caldum  oxalate  type,  and  give  so  low  a  coacentmtion  of  the  nega- 
tive ion  that  the  utmost  repression  of  tlie  ionization  of  the  correspond-  | 
ing  acid  does  not  give  a  lower  value  for  the  concentration  of  this  ion  ' 
than  does  the  salt  itself.  Thus  we  have  seen  (p.  375)  that  even  hydro- 
chloric, acid  (dilute)  will  not  dissolve  a  number  of  sulphides.  For  ex- 
ample, in  the  case  of  cupric  sulphide  in  presence  of  excess  of  hydrogen 
sulphide,  the  S"  factor  in  the  solubility  product  [Cu**]  x[S'']  remains 
smaller  than  that  in  the  scheme  defining  the  hydrogen  sulphide  equi- 

libriiim  '^ — ^       | — i  even  when  the  S"  factor  in  the  latter  is  dimin- 

ished  in  consequence  of  great  addition  of  hydrion.     In  this  case  the 
first  link  in  the  chain  of  equilibria:  J 

CuS  (solid)  ^  CiiS  (diss'd)  -;  Cu"  -H  S"  1        „  „  ,,.,., 
2H(  '\  fci  2C1'+  2H'  l^^^  ('^'^^  <*)' 

tends  so  decidedly  backward  that  only  the  use  of  concentrated  acid 
will  increase  the  concentration  tif  the  H'  to  an  extent  sufficient  to     I 
secure  any  marked  advance  of  the  whole  action.    We  must  add,  there- 
fore, to  the  above  rule :   provided  oUo  that  the  salt  !•  not  one  of 
extreme  Insolubility.      This  point  will  be  illustrated   more  fully  in  ' 
connectidu   with  the  description  of   individual  sulphides  (see    iinder     | 
Cadmium).  ' 

Illustrations  of  the  application  of  these  generalizations  are  count- 
less. CarlMnic  acid  is  matle  from  marble  (p.  480),  hydrogen  sulphide 
from  ferrous  sulpliide  (p.  ^i71),  hydrogen  peroxide  from  sodium  perox-  || 
ide  (p,  303),  and  phoajdiorin  acid  from  calcium  phosphate  (p.  46G).  In 
each  case  the  acid  employed  to  decompose  the  salt  is  more  active  than 
the  acid  to  be  liberated.  On  the  other  hand,  calcium  ])hosphate  (except 
when  freshly  precipitated)  and  calcium  oxalate  are  insoluble  in  acetic 
acid  becituse  this  acid  is  weaker  than  are  phosphoric  and  oxalic  acids. 
We  have  thus  only  to  examine  the  list  of  acids  showing  their  degrees 
of  ionization  (p.  330)  in  order  to  he  able  to  tell  which  salts,  if  insoluble 
in  water,  will  be  dissolved  by  acids,  and,  in  general,  what  acids  will  be 
sufficiently  active  in  each  case  for  the  purpose.  In  chemical  analysis 
we  discriminate  between  salts  soluble  in  water,  those  soluble  in 
acetic  acid  (the  insoluble  carlxinates  and  some  sulphides,  for  exam- 
ple), those  requiring  active  mineral  acids  for  their  solution,  and  those 
insoluble  in  all  acids. 

The  influence  of  solubility  is  shown  not  only  by  the  sulphides,  but 
also,  for  example,  by  the  sulphates.    Thus,  barium  sulphate  is  not  ap- 
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preciably  dissolved  even  hy  the  most  active  at^ida  (p,  390),  Ijeing  a  salt 
of  a  rather  highly  ionized  acid,  and  being  itself  very  inBolulile.  Yet 
calcium  sulphate,  being  much  less  inaoluble  (p.  544),  ia  dissolved  to  a 
noticeable  extent  by  the  same  acids. 

PlioapLales,  oxalates,  and  other  iusolubte  salts  of  weak  acids,  when  they  have 
been  diasolred  by  active  aciiU,  are  reprecipitated  on  addilion  at  a  basic  solutioD. 
The  hydroxyl  combiiiei  with  the  hydrion  ol  tbe  acid,  and  go  removes  tbe  agent  by 
wbt>se  i ti ft nence  81)1  utioD  was  effected.  Hence,  in  analysis,  tbe  phospfaatAs  of  Imu 
rium,  RtronLium,  calciom,  and  magnesiuin  are  di«80lved  by  acids  aud  are  repre. 
cipitated  by  atumonium  sulphide  (an  alkaline  substance),  along  witli  tbe  iron 
group. 

Precipitation  of  Innottible  Satta  in  Pretienee  of  Aeidt, —  The 
oonverae  of  solution,  namely,  precipitation,  depends  itpmi  the  same 
conditions:  an  Inaolnble  aalt  which  ia  dlsaolved  b^  a  gl^en  acid  cannot 
be  fonned  by  predpitatioo  in  the  presence  of  tttls  add.  Thus,  calcium 
oxalate  can  be  precipitated  in  presence  of  acetic  acid  but  not  in  pres- 
ence of  active  mineral  acids  in  ordinary  concentratioDS.  Cupric  mil- 
phide  or  barium  sulphate  can  be  precipitated  in  presence  of  any  acid, 
but  ferrous  sulphide  and  i^cium  carbonate  in  the  absence  of  acidjs  only. 

IHxfiolrinff  of  Tnnoluble.  Hnltn  hy  SotuHtttut  ofSalt»,  — The  effect 
of  salt  aolations  on  Insoluble  ealta  is  selduui  very  m^arked.  The  dissolv- 
ing of  salts  by  acids  depends,  as  we  have  seen,  ultimately  upon  the  wide 
differences  in  degree  of  ionization  whicli  characterize  adds.  Now,  salta 
are  nearly  all  highly  ionized  subetanoes,  aud  therefore  the  same  drastic 
effects  in  {.he  way  of  solution  of  insoluble  subetances  are  not  to  be  ex- 
pected. In  making  thi^  statement,  we  are  purposely  leaving  the  forma- 
tion of  complex  ions  out  of  consideration  since  it  will  be  taken  up  later 
(aee  Copperj.  So  far  as  tbe  simple  crosswise  exchange  of  ions  is  coo- 
oemed,  and  of  this  nature  have  been  all  tbe  cases  so  far  considered,  the 
effect  of  adding  a  solation  of  a  salt  to  a  precipitate  is  simply  to  pro- 
duce a  very  limited  amount  of  dissolved  un-ionized  molecules  of  two 
new  salts.  This  change  doee  not  usually  consume  much  of  the  insol- 
uble material  Thus,  calcium  carbonate  with  sodium  chloride  solution 
will  give  a  little  of  the  molecular  forma  of  calcium  chloride  and  sodiiun 
earbooate: 

C»"  +  2tr  t5  C^'l,  and  2Xa*  -j-  CO,"  m  Na,CO„ 

and  a  veiy  little  of  tbe  iasoluble  carbonate  will  dissolve.  It  is  oofy 
when  tbe  insolabte  salt  is  of  tbe  leaa  insolable  claas  that  tbe  effects  ate 


1 


602  INORGANIC   CHEMISTRY 


I 


otherwise  tlisin  negligible.  Thug,  caloiiini  sulphate  ia  aniuewbat  mon 
soluble  in  many  solutions  of  salta  than  it  is  in  water. 

Calcinm  Carbide,  —  The  mannfactnre  of  this  compound  has  been 
described  (p.  478),  and  the  formation  of  acetyk'De  by  its  interaction 
with  water  has  already  been  discusssd  (p.  496).  The  substance  was 
discovered  by  Wohler  in  18(32,  was  first  prepared  by  the  use  of  elec- 
trical lieating  by  Borchera  in  1891,  and  was  iaa<le  on  a  lai'ge  scale  in 
1 892  by  Wilson,  a  Canadian  engineer. 

liteachinff  Powder.  —  This  substance  (nf.  p.  266)  is  manufactured 
liy  conducting  chlorine  into  a  box-like  structure  containing  slaked  lime 
spread  upon  perforated  shelves.  When  the  transformation  is  oomplete, 
the  supply  of  the  gas  is  shut  off,  and  some  lime-dust  is  blown  into  the 
chamber  to  absorb  the  remainder  of  the  free  chlorine.  The  action  is 
represented  by  tiie  equation  alreafly  given,  or  hy  the  following : 

2Ca(0H),  +  2C1,  ->  CaClj  +  Ca(OCl),  +  2H,0. 

While  pure  lime  should  thus  yield  a  product  containing  49  per  cent  of 
chlorine,  in  prafitice  the  proportion  is  always  less.  Good  bleaching 
powder  should  contain  36-37  per  cent  of  chlorine. 

That  bleachiug  powder  is  a  mixed  salt  CaCl(ClO)  rather  than  an 
equi-inolar  mixture  of  calcium  chloride  and  calcium  hypocldorit*,  which 
would  have  the  same  composition,  is  rendered  probable  by  the  facts 
that  the  material  is  not  deliquescent  as  is  calcium  chloride,  and  that 
calcium  chloride  cannot  l>e  dissolved  out  of  it  by  alcohol. 

Bleaching  powJer  is  somewhat  soluble  in  water,  and  in  solution  the 
ions  Ca*',  CI',  and  CIO'  are  all  present.  Addition  of  acids  causes  the 
formation  of  hydrochloric  and  hypoehlorous  acids.  The  oxidizing 
and,  incidentally,  the  bleaching  properties  (p.  269)  of  the  latter  are 
characteristic  of  the  acidified  liquid.  Weak  acids  like  carbonic  acid 
displace  the  hypoehlorous  aeid  only  {'■/,  p.  267),  and  hence  the  dry 
[itiwilcr,  when  exposed  to  the  air,  has  the  odor  of  the  latter  substance 
rather  tlian  that  of  chlorine. 

The  substance  is  lai'gely  used  by  bleachers  (ef.  p,  270),  and  as  a 
disinfectant  to  destroy  germs  of  putrefaction  and  disease. 

Calcium  Nitrate.       This  salt  is  found  in  the  soil  (p.  -13S),  and 

may  beat  be  prepared  in  pure  form  by  treating  marble  with  aittio  acid 
and  allowing  the  pi-iduct  to  crystallize  from  the  solution,     Calciujn 
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nitrate  forms  several  hydrates.  The  tetriiUydrate  Ca(NO,)j,4H,0j 
whii'h  forms  transjjareiit  monoeliniu  prisms,  is  the  otie  deposited  at 
ordinary  temperatures.  The  anhydrous  salt  is  easily  soluble  in  alco- 
]iol,  It  is  used  in  the  laboratory  for  drying  tiitrogeu  peroxide.  When 
heated  it  decomposes  ((^'.  p.  444),  giving  niti'ogeu  peroxide,  ox.ygeu, 
and  quickliine. 

Calcium  Snfphate.^Tlda  salt  is  found  in  large  quantities  in 
nature.  The  uiitieral  anhydrite  CaSO,  oeeurs  in  the  salt  layers  (see 
under  Mauganous  sulphate).  It  contains  no  water  of  crystaHization, 
and  its  crystals  belong  to  the  rhombic  system.  The  dihydrate> 
CaSO^iiiHjO;  is  more  plentiful.  In  granular  masses  it  constitutes  ala- 
liaster.  When  perfectly  wystJillized  it  is  named  gypsum  or  seleuite, 
Tlie  same  hydrate  is  formed  by  precjpiutiou  from  solutions.  Its 
solubility  is  alx)ut  1  in  5(H)  at  18°.  Its  solulality  varies  in  an  unu.sual 
manner  with  temperature,  increasing  slowly  to  38"  and  then  falling 
off. 

When  its  temperature  is  raised,  the  dihydrate  quickly  shows  an 
appreciable  aqueous  tension.  After  three-fourths  of  the  water  has 
escaped,  a  definite  hydrate  (CaSO,)^,HjO  remains.  This  hemihydrate 
shows  a  umt-h  smaller  tension  of  water  vapor  (r/.  p.  122), 

Tlie  transition  temperature  at  which  the  diliydrale  pivsiies  sharply  into  the  betni- 
liyrlrate  is  107°.  Il  correBputiils  to  tlie  teniperaltire  of  ,'35,2°  ttt  which  the  ilecalij- 
drate  of  sodium  carbnnatu  Uirus  into  tlie  UTOiiohyiir.Uf  iind  watiir.  At  107°  both 
of  Uie  hydrati-s  are  in  equilibrium  with  water  (p,  6li4;.  Naturally  tliis  Btnto  of 
affairs  can  b«  reali^t'd  only  in  a  tube  waled  up  lo  prevent  tUe  escape  of  tlic  water. 

Plaster  of  paria  is  manufactured  by  heating  gypsum  until  nearly 
all  tlie  water  of  hydration  has  been  driven  out.  When  it  is  mixed 
with  water,  the  dihydrate  is  quickly  re-formed  and  a  rigid  mass  is  pro- 
duced. If,  in  course  of  manufacture,  the  water  is  all  removed,  or  the 
temperature  is  allowed  to  rise  much  above  tlie  most  favorable  one 
(about  126°),  the  product  when  mixed  with  water  dues  not  set  quickly 
and  is  said  to  be  "dead-burnt."  In  explanation  of  this  it  should  \k 
noted  that  natural  anhydrite  combines  very  slowly  witli  water. 
Apparently  go<3d  pla.ster  of  paris  must  contain  sonte  unchanged  patti- 
cles  of  the  dihydrate  which  may  act  as  nuclei.  They  fulfil  the  same 
r8le  a.";  tlie  crystal  which  is  added  to  a  supersaturated  solution  (p.  1.'59), 
without,  wliiith  crystallization  may  be  long  delayed  or  may  even  fail  to 
take  place.  Probably  with  moderate  heating  the  product  is  a  mixture 
of  the  dihydrate  and  the  hemihydrate  with  anhydrous  salt,  wliile  the 


■ 


more  rapid  decomposition  at  higher  temperatureB  destroys  all  of  the 
first.  The  former  mixture  must  be  an  uustuble  system,  aod  the  dihy- 
drate  loses  water  to  the  anhydrous  salt.  At  ordinary  temperatures, 
however,  this  transference  must  be  very  slow,  and  benue  the  property 
of  setting  is  not  lost  by  prolonged  storage. 

That  the  plaster  sets,  instead  of  forming  a  loose  mass  of  dihydrate, 
is  due  to  the  fact  that  the  anhydrous  salt  is  more  soluble  than  the 
lUhydrate,  and  so  a  constant  solution  of  the  one  and  deposition  of  the 
other  goej}  on  until  the  hydration  is  complete  : 


CaSOi  (solid)  ^  CaSO^  (diss'd) 


2H,0 


:CaSO„2HjO  (solid). 


This  process  results  in  the  formation  of  an  interlaced  and  coherent 
mass  of  minute  crystals. 

riiister  of  paris  is  used  for  making  easts  and  in  surgery.  The 
setting  of  the  material  is  accompanied  by  a  slight  increase  in  volume, 
and  hence  a  very  sharp  reproduction  of  all  the  details  in  the  structure 
of  the  mold  is  obtfiined.  An  "  ivory  "  surface,  which  makes  washing 
practicable,  is  conferred  by  painting  the  cast  with  a  solution  of  paraffin 
or  atearioe  in  petroleum  ether.  The  waxy  material,  left  by  evaporatdon 
of  the  volatile  hydrocarlwus,  fills  the  pores  and  prevent-s  solution  and 
disintegi'ation  of  the  substance  by  water.  Stucco  is  made  with  plaster 
of  paris  and  rubble,  and  is  mixed  with  a  solution  of  size  or  glue  in- 
stead of  water. 


Caleltttn  Sulphide, — ^This    compound    is   most  easily  made  by 
strongly    heating   pulverized   calcium  sulphate   and   charcoaJ. 
.sulphate  is  reduced  : 

4C  +  CaSO,  -» CaS  -(-  4C0. 

Calcitim  sulphide  is  meagerly  soluble  in  water,  but  is  nevertheless 
slowly  dissolved  in  consequence  of  its  decomposition  by  hydrolysis 
into  calcium  hydroxide  and  calcium  hydrosulphide  (rf.  p.  37S),  It  ia 
probable  that  the  action  would  be  less  nearly  complete  than  it  is  if 
the  reverse  action  were  not  weakened  by  the  precipitation  of  the  cal- 
ciniii  hydroxide : 

2CaS  +  2H,0 1?  Ca(OH),  1+  Ca(8H)r 

Since  calcium  sulphide  is  thus  decomposed  by  water  it  cannot  be 
precipitated  from  aqueous  solution  iiy  atlding  a  soluble  sulphide,  such 
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as  iimmonium  sulphide,  to  a  solution  of  a  salt  of  calcium.     Only  the 
soluble  hydrosulpliide  can  be  formed. 

Ordinary  calcium  suljihide,  after  it  has  been  exposed  to  sunlight, 
usually  shiues  in  the  dark.  Barium  sulphide  behaves  in  the  same  way. 
On  this  account  th&jc  substances  are  used  in  making  luminous  paint. 
They  apparently  owe  this  behavior  to  the  presenc*  of  traces  of  com- 
pounds of  vanadium  and  bismuth,  for  the  purified  aubatanees  are  not 
affected  in  the  same  fashion. 

I'hosphateH  of  Ctllciutn,  —  The  tertiary  ortho phosphate  of  cal- 
diim  Ca,(POjj,  known  as,  phosphorite,  is  found  in  many  localities.  It 
is  probably  derived  from  the  remains  of  animals.  Ouano  contains 
some  of  the  same  substance,  along  with  compounds  of  nitrogen. 
Apatite,  3C'a,(I*0,),,CaF,,  a  double  salt  with  calcium  fluoride,  is  a 
common  mineral  and  frequent  component  of  rocks.  The  ortbophos- 
phate  forms  about  83  per  cent  of  bone-ash,  and  is  contained  also  in 
the  ashes  of  plants.  It  may  be  precipitated  by  adding  a  soluble 
phosphate  to  a  soltition  of  a  Bait  of  calcium. 

Since  it  is  a  salt  of  a  weak  acid,  and  lielongs  to  the  less  insoluble 
class  of  such  salts,  calcium  phosphate  is  dissolved  by  dilute  mineral 
acids  («■/.  p.  598),  the  ions  H?0/'  and  HjHO/  being  formed.  When 
a  base,  such  as  ammonium  hydroxide,  is  added  U>  the  solution,  the 
calcium  phosphate  is  reprecipitated  {rf.  p.  GOl), 

Calcium  phospliate  is  chiefly  used  in  the  manufacture  of  jihos- 
phorus  and  phosphoric  acitl  (p.  45G),  and  as  a  fertilizer.  The  supply 
of  calcium  phosphate  in  the  soil  arises  from  the  decomposition  of  rocks 
containing  phosphates,  and  is  gradually  exlsaustcd  by  the  removal 
of  crops.  Bone-ash  is  sometimes  used  to  make  up  the  deficiency. 
It  is  almost  insoluble  in  water,  however,  and,  although  somewhat 
less  insoluble  in  natural  water  containing  salts  like  sodium  chloride 
(r/'.  p,  601),  is  brought  into  a  condition  for  absorption  by  the  plants 
too  slowly  to  be  of  much  service.  In  consequence  of  this  the  "  super- 
phosphate" (see  below)  is  prefeiTed. 

Primary  calcium  orthopliOBphate  is  manufactured  in  large  quan- 
tities from  phosphorite  bj-  the  action  of  sulphuric  acid.  The  unoon- 
centrated  "chamber  acid"  is  used  for  this  purpose,  as  water  is  re- 
quired in  the  resulting  action.  The  amounts  of  material  employwl 
correspond  to  the  equation  : 

Ca^POO,  +  2Hj80,  4-  «H,0  ~» Ca(H,P0,),,2H^0  +  2CaSO„2HjO. 
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As  soon  as  mixture  has  beeu  effected,  the  action  proceeds  with  evolu- 
tioQ  of  heat,  and  a  large  cake  of  the  two  hydrated  salts  reuiaius.  Thia 
mixture,  after  being  broken  up,  dried,  and  packed  in  bags,  is  sold  as 
**  superphosphate  of  lime."  The  priraaty  phosphate  whiuh  it  contains 
is  readily  soluble  in  water,  and  is  therefore  of  great  value  as  a  ier- 
tilizer. 

Calcium  Silicate.  —  Calcium  metasilic^te  CaSiO,  forma  the  min- 
eral wallastoiiito,  which  is  rather  scarce,  and  enters  into  the  composi- 
tion of  many  complex  minerals,  such  as  garnet,  mica,  and  the  zeolites. 
It  may  be  made  by  precipitation  with  a  solution  of  sodium  metasilieate 
(p.  577),  or  by  fusing  together  powdered  quartz  and  calcium  carbonate 
or  quicklime : 

SiO,  -(-  CaCO.  -» CaSiO,  +  CO,, 

Glass.  —  Common  glass  is  a  complex  silicate  of  sodium  and  cal- 
cium, or  a  homogeneous  mixture  of  the  silicates  of  these  metals  with 
silica.  It  has  a  composition  represented  approximately  by  the  formula 
NajOjCaO,  GSiO.,  and  is  made  by  melting  together  sodium  carbonate, 
limestone,  and  pure  sand  : 


-"J- 


Na,CO,  -f  CaCO,  -I-  eSiO,  -y  Na^O,  CaO,  6SiO,  +  200, 

For  the  most  fusible  glass,  a  snuiller  iiroportion  of  quartz  is  employed. 
Thi.H  variety  is  known  as  goda-glaae,  or,  from  its  easy  fusibility,  as 
soft  glaBs.  First,  the  materials  are  heated  to  a  temperature  high 
enough  to  produce  chemical  action  without  Viringiug  about  complete 
meltiug.  This  permits  the  ready  escape  of  the  gases.  Then  the  tem- 
perature is  raised  to  about  lliOO°  until  fusion  is  complete  and  all  the 
bubbles  have  escaped.  Finally,  the  crucible  and  its  contents  are 
allowed  lo  cool  to  "00-800°  to  allow  the  latter  to  acquire  the  viscosity 
reiiuired  for  working. 

flate-glass  is  made  by  casting  the  material  in  large  sheets  and 
polishing  the  surfaces  until  they  are  plane.  Window-glass  is  prepared 
by  Itlowing  bullis  of  long  cylindrical  shape,  and  ripping  them  down  oue 
side  with  the  help  of  a  diamond.  The  resulting  curved  sheets  aire  then 
placed  on  a  flat  surface  in  a  furnace  and  are  there  allowed  to  open  out. 
Beads  are  made,  chiefly  in  Venice,  by  cutting  narrow  tubes  into  very  short 
sections  and  rounding  the  sharp  edges  by  lire.  Ordinary  apparatus  is 
nnvde  of  soft  soda-glass,  and  hence  when  heated  strongly  it  tends  to 
soften  and  also  to  confer  a  strong  yellow  tint  (c/.  p.  563)  on  the  flame. 
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In  all  cases  the  articles  are  aiineaJed  by  being  passed  slowly  through 
a  apeuial  furnace  in  which  their  temperature  is  lowered  very  grad- 
ually, GVdss  which  has  been  suddenly  chilled  is  in  a  state  of  tensiou 
and  breaks  easily  when  handled. 

Bottles  are  made  with  impure  materials,  and  owe  their  color  chiefly 
to  the  silicate  of  iron  which  they  contain.  In  making  cheap  glass, 
aodium  sulphate  is  often  substituted  for  the  much  more  expensive 
carbonate.  In  tlxis  case  powdered  chavcoal  or  coal  is  added  to  reduce 
the  sulphate :  • 

2Na,S0,  +  C  +  2SiO,  ->  SNajSiO,  +  CO,  +  2S0,. 

Soft  glass  is  partially  dissolved  by  water.  AVhen  powdered  glass 
is  shaken  with  water  the  solution  soon  dissolves  enough  swlium  silicate 
to  give  the  alkaline  reaction  (pink  color)  with  phenolphthaleiu  (c/". 
p.  355). 

Bohemian,  or  bard  glaas,  is  much  more  dtfiicult  to  fuse  than  soda- 
glass,  and  is  also  much  less  soluble  in  water.  It  is  manufactured  by 
substituting  potassium  carbonate  for  the  sodium  carbonate,  and  is  used 
for  making  apparatus  for  special  purposes  where  infusibilitj'or  insolu- 
bility are  desirable.  When  lead  oxide  is  employed  instead  of  lime- 
stone, a  soda-lead  glass  known  as  flint  glasa  is  produced.  This  has  a 
high  specific  gravity,  and  a  great  refrncting  power  for  light,  and  is 
employed  for  making  glass  ornaments.  By  the  use  of  grinding 
machinery,  cat  glass  is  made  from  it.  It  is  easily  fusible,  and  dissolves 
in  water  like  soda-glass. 

Colored  glass  is  prepared  l)y  adding  small  amounts  of  various 
oxides  to  the  usual  materials.  The  oxides  combiue  with  the  silica,  and 
produce  strongly  colored  silicates.  Thus,  cobalt  oxide  gives  a  blue, 
chromium  oxide  or  cupric  oxide  a  green,  and  uranium  a  yellow  glass. 
Cuprous  oxide,  with  a  reducing  agent,  and  compounds  of  gold,  give  the 
free  metals,  suspended  in  colloidal  solution  in  the  glass,  and  confer  a 
deejM'ed  color  npou  it.  Milk-glaas  contains  finely  powdered  calcium 
phosphate  in  suspension,  and  white  enamels  are  made  by  adding 
stannic  oxide. 

Glass  is  a  typical  amorphous  substance  (rf.  p.  139).  From  the  facts 
that  it  has  no  crystalline  structure,  and  that  it  softens  gratlually  when 
warmed,  instead  of  showing  a  iletiuite  melting-point,  it  is  regarded  as 
a  supercooled  liquid  of  extreme  viscosity.  Most  single  silicates  crys- 
tallize easily,  and  have  definite  freezing-  (and  melting)  points.  Glass 
may  be  regarded  as  a  solution  of  several  silicates.     When  kept  for  a 
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considerable  leugth  of  time  at  a  temperature  iDsufficieDt  to  render  it 
perfectly  fluid,  sotue  of  its  components  crystallize  out,  tlie  glass  becomes 
opaque,  aad  "  devitrification  "  is  said  to  have  occurred.  The  al)3eDce  of 
such  changes  in  cold  glass  may  be  attributed  to  that  general  hauiperiug 
ef  all  molecular  movements  and  interactions  which  is  characteristic  of 
low  temperatures.  Tlie  word  "  crystal "  popularly  applied  to  glass  is 
thus  definitely  misleadiug. 

Calclon  :  Aualytical  Reactions.  —  Ionic  calcium  is  colorless.    It 

ia  bivalent,  and  combines  with  negative  ions.  Many  of  the  resulting 
salts  are  more  or  le.ss  insoluble  in  water.  Upon  the  insolubility  of 
the  carbonate,  phosphate,  and  oxalate  are  based  tests  for  calcion  in 
<jualit.ative  analysis  (see  below).  The  presence  of  the  element  is  most 
easily  recognized  by  the  brick-red  color  its  compounds  confer  on  the 
Bunseu  fiame,  and  by  two  bauds  —  a  red  and  a  green  one  —  wiiich  are 
shown  by  the  spectroscope  (p.  Stil). 

Strontium. 

The  compounds  of  strontium  resemble  closely  those  of  calcium, 
both  in  physical  properties  and  in  chemical  behavior. 

Occurrence-  —  The  carbonate  of  sttontium  SrCO,  is  found  as 
stiontianite  (Strontian,  a  village  in  Argylesliire),  and  is  isomorphous 
with  aragonite.  The  sulphate,  celestite  SrSO,,  is  more  plentiful.  It 
shows  rhombic  crystals,  which  are  isomorphous  with  those  of  anhydrite, 
often  liave  a  blue  color,  and  are  commonly  associated  with  native  sul- 
phur iu  specimens  from  Sicily.  The  metal  may  be  isolated  by  elec- 
trolysis of  the  uolteu  chloride. 

CompoundH  of  Sti'ontlitm.  —  The  compounds  are  all  made  from 
the  natural  carbonate  or  sulphate.  The  former  may  be  dissolved 
directly  in  acids,  and  the  latter  is  first  reduced  by  means  of  carbon  to 
the  sulphide,  and  then  treated  with  acids. 

Suotitium  chloride,  made  in  one  of  the  above  ways,  is  deposited 
from  solution  as  the  hexaliydrate.  The  nitrate  comes  out  of  hot  solu- 
tions in  octahedrons  which  are  anhydrous.  From  cold  water  the  tet- 
rahydrate  is  obtained  (see  under  Manganous  sulphate).  The  anhy- 
drous salt  is  mixed  with  sulplmr,  charcoal,  and  potassium  chlorate  to 
make  "  red  tire."     The  oxide  8rO  may  be  secured  by  igniting  the  car- 
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bonate,  but  on  account  of  the  low  disaociatioa  tetisiou  of  llie  coDipouml 
it  is  obtaiued  with  g^reater  dillicutty  than  is  (■uluiuin  oxide  from  cal- 
cium carbonate.  It  is  generally  made  by  heating  the  nitrate  or 
hydroxide. 

Strontium  hydroxide  is    made  by   heating    the    carbonatt;    ia   it 
current  of  superheated  steam : 


SrCO, . 


HjO 


Sr{OH),  +  CO,. 


This  action  takes  place  more  easily  than  does  the  mere  dissociation  of 
the  carbooatL',  because  the  formation  of  the  hydroxide,  liberates  energy, 
and  this  partially  compensates  for  the  energy  which  has  to  be  pro- 
vided to  decompose  the  carbonate  (cf,  \u  78).  The  lowering  of  the 
partial  pressui'e  of  the  carbon  dioxide  by  the  steaio  also  contributes  to 
the  result  (cf.  p.  695). 

The  hydrate  crystallizes  from  water  a.s  Sr(OH},,8H50,  and  is 
employed  iu  separating  orystallizable  sugar  from  mohtsses.  Hy  evapo 
ration  of  the  extract  from  the  sugar-cane  or  beet-root,  as  much  of  the 
sugar  as  possible  is  first  secured  by  crystallization.  Then  the  molasses 
which  remains  is  mixed  with  a  saturated  solution  of  stroutium  hydrox- 
ide. The  resulting  ])rccipitatB  of  sucrate  of  strontium,  C,jHj^O,,, 
yr(->,  or  CijH^f  ),|,2.Sr(->,  ia  separated  by  a  iilter-press,  made  into  a  paste 
with  water,  and  treated  with  carbon  dioxide.  A  second  tiltration  parts 
the  insoluble  carbonate  of  strontium  from  the  solution  of  sugar,  and  the 
latter  is  evaporated  and  allowed  to  ciystallize.  Calciuui  hydroxide, 
which  gives  a  tricaloium  sucrate,  is  often  employed  in  the  same  way. 

Strontion  is  a  bivalent  ion,  and  gives  insoluble  compounds  with 
caibonauiou,  sulphanion,  andoxalanion.  The  presence  of  strontium  is 
recognized  by  the  carmine-red  color  which  its  compounds  give  to  the 
Bunsen  flame  (see  also  below).  Its  spectrum  shows  several  red  bands 
and  a  very  eluiracteristic  blue  line. 


I 


Barium. 

The  physical  and  chemical  properties  of  the  com))oundB  of  IxirJum 
recall  those  of  strontium  and  calcium.  All  tiie  compounda  of  bai-ium 
which  are  soluble  in  water,  or  can  be  brought  into  solution  by  the  weak 
acids  of  the  digestive  fluids,  are  poisonous, 

Oceurrenee. —  Like  strontium,  barium  is  found  in  the  fo 
the  carbonate,  witherite  BaCO,,  which  is  rhombic  and  isoraorphou 


610  INORGANIC   CHEMISTHY 

aragouite,  aud  the  sulphate   Ba80„  heavy-spar  or  barite  (Glc   ^9apA, 

heavy),  wliiuh  is  vhombiti  and  isoiuorphons  with  anhydrite.  The 
specific  gravity  of  tlie  sulphate  is 4.6,  while  the  sjiecific  gravity  of  other 
compouiiils  of  the  light  raetala  does  not  generally  exceed  2.5.  The  free 
metal,  which  is  silver-white,  may  be  obtained  by  electi'olysia  of  the 
molten  chloride. 

The  compounds  are  made  by  treating  the  natural  carbouate  with 
acids  directly,  or  by  first  reducing  the  sulphate  with  carbon  to  sulphide, 
or  oonverting  the  carbonate  into  oxide,  and  then  treating  the  products 
with  acids. 

Barium  Cnrltonate-  —  Thia  carbonate  demands  so  high  a  tempera- 
ture (alxiut  \hi)W)  for  the  iittainraent  of  a  sufiicieut  dissociation  ten- 
sion, and  i'i  so  apt  then  to  be  partially  protected  from  decomjKieition 
by  the  ntelting  of  the  cxide,  that  spei'ial  means  is  employeil  for  its 
decomposition.     It  is  heated  with  powdered  charcoal  (</.  p.  485)  : 

BaCO,  +  C  -» BaO  +  2C0. 

The  precipitated  form  of  the  carbonate  is  made  by  adding  sodium  car- 
Ixmate  to  the  aqueous  extract  from  crude  liariuns  sulphide  {q.e.).  The 
compound  is  also  obtained  l>y  fusing  pulverised  barite  with  excess  of 
sodium  carbonate,  and  dissolving  the  sodium  salts  out  of  the  resi<hie. 

The  Sulphate   anH   Sut/thkle, —  The   natural   sulphate    is   Uie 

source  of  many  of  the  compounds  of  barium.  The  precipitated  sul- 
phate, made  by  adding  sulphuric  acid  to  the  aqueous  extract  from 
barium  sulphide,  is  used  in  making  white  paint,  in  filling  paper  for 
glazed  cards,  and  sometimes  as  an  adulterant  of  white  lead.  The  salt  is 
highly  insoluble  in  water  and  is  hardly  at  all  affected  by  aqueous  solu- 
tions of  chemical  agents.  It  is  somewhat  soluble  in  hot,  concentrated 
sulphuric  acid,  aud  the  solution  yields  crystals  of  a  compound 
BaSOjjHjSO,,  or  Ba(HSi>Jj.  Calcium  and  strontium  sulfihates  behave 
in  the  same  way.  All  three  compounds  are  decomposed  by  water,  and 
give  the  insoluble  sidphates, 

Buluin  Bulphida,  like  the  sulphides  of  calcium  aud  strontium 
(p.  604),  is  slightly  soluble  in  water,  Imt  slowly  passes  into  solution 
owing  to  hydrolysis  and  formation  of  the  hydroxide  and  hydrosulphidt!. 
It  is  iua«.le  by  heating  the  pulverised  sulphate  with  charcoal : 

BaSO^  -J-  4C  -» BaS  -|-  4C0.         -^ 
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Ttie  Chloride  ami  Chfofafe.  —  Bariiim  chloride  is  generally 
mauufaetmed  hy  heating  the  sulphide  with  ealnuin  chloride.  The 
whole  treatment  of  the  heavj'-spar  is  carried  out  in  one  operation : 

BaSO,  +  4(;  +  CaCl,  -^  4C0  +  BaCl,  4-  CaS. 

By  lapid  treatment  with  water,  the  ohloride  can  lie  separated  from  the 
calcium  sulphide  before  much  dcuoiiipositiou  of  the  latter  {cf.  p.  604) 
has  taken  place.  Bariuin  chloride  crystallines  in  rhombic  tables  as  a 
dihydrate  Ba<JL„2H,0.  Aside  from  the  differenne  in  composition,  this 
compound  differs  from  the  ordinary  hydrute<l  idilorides  of  c^cium  and 
strontium  ia  being  non-hygroscopio  a«d  in  being  capable  of  dehydration 
by  heat  without  the  formation  of  any  hydrogen  chloride  (cf.  p.  535). 

Barltun  clUorate  is  made  by  treating  the  precipitated  Iiaritim  car- 
lionate  with  a  solution  of  chloric  aoid.  It  is  deposited  in  beautiful 
inonoelinic  crystals,  and  is  used  with  sulphur  and  charcoal  in  the  prepa- 
i-ation  of  "  green  fire." 

The  Ojciden  and  Itydroxide.  —  The  oxide  of  barium  is  manufac- 
tured from  the  carbonate  or  sulphide.  In  the  hitter  case,  moist  carbon 
dio.\ide  is  passed  over  the  sulphiile,  and  the  resulting  carbonate  is  then 
treated  with  steam.  The  compound  may  be  obtained  in  pure  form  by 
heating  the  nitrate.  The  oxide  unites  vigoroiisly  with  water  to  form 
the  hydroxide.  When  heated  iu  a  stream  of  air  or  oxygeji  it  gives  the 
dioxide  BaO,.  This  change  and  its  reversal  constitute  the  liosis  of 
Brio's  process  for  obtaining  oxygen  from  the  air  (p,  G3).  To  protect 
the  oxide  from  conversion  into  the  carV)onate  and  hydrate,  which  are 
not  decomposable  at  the  temperature  employed,  the  air  must  be  care- 
fully purified  from  carbon  dioxide  and  moisture. 

Barium  dioadde,  when  made  liy  union  of  oxygen  with  the  monoxide, 
is  a  com[>act  gray  mass,  A  hydrated  form  ia  thrown  down  as  a  crystal- 
line precipitate  when  hydrogen  peroxide  solution  is  added  to  a  solution 
of  barium  hydroxide : 

Ba(OH),  +  HjOj  in  BaO,  ]  +  2HjO. 

The  crystals  have  the  formula  BaOj,8HjO.  Similar  hydrates  of  the 
dioxides  of  strontium  and  calcium  may  be  made  in  the  same  way. 
In  all  three  cases  the  pure  dioxides  are  obtained  as  white  ]Kjwder8  by 
removal  of  the  water  of  hydration  by  very  pi  »«   ram» 

{ff.  p.  276).     The  dioxides  of  strontium  by 

direct  union  of  oxygen  witlj  the  oxi  in 

the  manufacture  of  hydrogen  peruxid< 
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Barium  hydroxide  is  the  most  soluble  of  the  hydroxides  of  this 
group,  aud  gives,  therefore,  tlie  highest  concentration  of  liydroxidioa. 
The  soUition  is  known  as  "  baryta- water."  It  is  also  the  most  stable  of 
the  three  hydroxides,  and  may  be  melted  without  decomposition.  It 
crystallizes  when  a  warm,  saturated  solution  cools  in  the  form 
Ba(OH)j,8H30.  It  is  much  used  in  quantitative  analysis  for  maktnji; 
standard  alkali-sol ntions.  Solutions  of  sodium  or  potassium  hydrox- 
ide may  aeijuire  vurying  proportions  of  carbonate  by  the  action  of 
carbon  dioxide  from  the  air,  and  their  action  on  indicators  loses  there- 
by in  sharpness.  With  barima  hydroxide  this  is  impossible,  for  the 
carbonate  is  insoluble,  and  is  precipitated  from  the  solution. 

BaHttm  Nitrate.  —  This  salt  is  made  by  the  action  of  nitric  acid 

on  the  sulphide,  oxide,  hydroxide,  or  carlxjnate  of  bai'ium.  It  crys- 
tallizes from  aqueous  solution  without  water  of  hydration. 

Analiftieal  lieactioHs  of  the  Cnlctttin  Familtf. —  Barion  is  a, 

colorless,  bivalent  ion.  Many  of  its  compounds  are  insoluble  in  water, 
and  the  sulphate  ia  insoluble  in  acids  also.  The  spectrum  given  by 
the  salts  contains  a  number  of  green  and  orange  lines. 

In  solutions  of  salts  of  calcium,  strontium,  and  barium,  the  ions  cal- 
ciou,  strontion,  and  barion  may  be  distinguished  by  the  fact  that 
calcium  sulphate  solution  will  precipitate  the  strontium  and  barium 
as  sulphates,  but  will  leave  salts  of  calcium  unaffected.  Similarly, 
strontium  sulphate  solution  precipitates  barium  sulphate,  and  does 
not  give  any  result  with  salts  of  the  two  first.  The  oxalate  of  calcium 
is  precipitated  in  presence  of  acetic  acid,  while  the  oxalates  of 
strontium  and  barium  are  not  (cf.  p.  399j,  ami  there  are  other  differ- 
ences of  a  like  natui'e  in  the  solubilities  of  the  salts. 

Ert^rciiteH. —  1.  Arrange  the  chromates  of  the  metals  of  tins 
family  in  the  order  of  solubility  (p.  644).  Compare  the  solubilities 
with  those  of  the  carbonates,  oxalates,  and  sulphates  of  the  metals  of 
the  same  family. 

2.  What  must  be  the  approximate  total  molax  concentration  of  the 
solution  of  calcium  chloride  freezing  at  —  48°  (p.  291)  ? 

3.  What  is  meant  by  fluorescence  {ef.  any  book  on  physics)  ? 

4.  What  will  be  the  ratio  by  volume,  at  150",  of  the  nitrogen  per- 
oxide and  oxygen  given  off  by  the  decompoeitlon  of  calcium  nitrate  ? 
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What  would  be  the  nature  of  the  diflfen»no«  l>«>tw«<>»  the  ratio  ftt  IftO" 
and  that  at  room  temperature  ? 

5.  What  fact  about  the  heat  of  solution  of  K>')Mnm  t»  indioAtt^l  l\y 
its  change  of  solubility  with  t«in{H>ratur««  (p.  2(U))? 

6.  What  is  the  signiiioanra  of  tltn  fnrt  thiit  li,ydrtvt(<<l  Iwriutit 
chloride  gives  no  hydrogen  chloride  when  lu>nte«l  ? 

7.  What  are  the  advantages  of  removing  wnter  of  liyth'ttttuiw  in 
vaetio  (p.  611)  ? 

8.  Explain  in  terms  of  the  ionin  hypot  h«>iiii«  tlm  prt<rlpitHiloit  of 
the  sulphate  of  strontium  by  calcium  Hulplmtn  Hnluiion.  Hint  itin  w\^ 
sence  of  precipitation  when  the  latter  in  added  to  the  noiutloii  of  A 
soluble  salt  of  calcium. 

9.  Construct  a  table  for  the  purpone  of  coni|mritiK  tlin  pro|»«irtinit  of 
the  free  elements  of  this  family  and  also  the  pro)mrti«ii  of  tlittir  (Mit'cn- 
sponding  compounds. 

10.  Are  the  elements  of  this  family  typical  metitlM?  tf  tuA,  Iti 
what  respects  do  they  fall  short  (p.  liiiH)  't 

11.  What  inference  do  you  draw  from  the  f(U!t  timt  thn  oK(t.t»t«H 
of  barium  and  strontium  are  not  precipitated  in  proMniiiw  of  Mci<tio 
acid,  while  the  oxalate  of  calcium  in  no  pre(!ipitMt«<l  'I  \*  %\w  irtfof* 
ence  confirmed  by  reference  to  the  data 't 
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COFFER,  SILVER,  GOLD 

The  three  metals  of  this  family,  being  found  free  in  nature,  are 
amongst  those  which  were  known  in  early  times.  They  are  the  metals 
imiversally  used  for  coinage  and  for  ornamental  purposes.  They  are 
the  three  best  conductors  of  electricity  (p.  533),  and  each  represents 
the  maximum  of  conductivity  in  the  periodic  series  to  which  it  belongs. 
In  malleability  and  ductility  silver  is  intermediate  between  gold  and 
copper  (p.  531),  but  in  electrical  conductivity  it  exceeds  both. 

27te  Chemical  Relations  of  the  Copper  Family.  —  Copper  (Cu, 
at.  wt.  63.6),  silver  (Ag,  at.  wt.  107.93),  and  gold  (Au,  at.  wt.  197.2), 
occupy  the  right  side  in  the  second  column  of  the  table  of  the  periodic 
system  (p.  411),  and  the  chemical  relations  (p.  226)  of  these  elements 
are  in  many  ways  in  sharp  contrast  to  those  of  the  alkali  metals,  their 
neighbors,  on  the  left  side  : 


Alkali  Metals. 

AU  univalent  and  give  but  one  series 
of  compounds.  Halides  all  soluble 
in  water. 

Very  active ;  ripidly  oxidized  by  air ; 
displace  all  other  metals  from  com- 
bination (E.  M.  series,  p.  302). 

Oxides  and  hydroxides  strongly  basic, 
and  halides  not  hydrolyzed  (p.  5.S4). 


CoppEB,  Silver,  Gold. 

Cu'  and  Cu"  :  two  series.  Ag' :  one 
series.  Au'  and  Au'"  :  two  series. 
Halides  of  univalent  series  insoluble. 

Amongst  least  active  metals ;  only 
copper  is  oxidized  by  air  ;  displaced 
by  most  other  metals.  Hence, 
found  free  in  nature  (p.  .362). 

Oxides  and  hydroxides  feebly  basic 
(except  Ag/J)  ;  halides  hydrolyzed 
(except  Ag-balides).  Hence;  basic 
salts  are  numerous. 

Frequently  iu  anion,  e.g.,  K.Cu(CN)^ 
K.Ag(CN),,    K.AuO,,    K.Au(CN)„ 
and  in  complex  cation,  e.g., 
Ag(NH,),.OII  and  Cu(NH,),.(OH),. 

On  account  of  their  inactivity  towards  oxygen,  and  their  easy 
recovery  from  combination  by  means  of  heat,  silver  and  gold, 
together  with  the  platinum  family,  are  known  as  the  "noble  metals." 

Univalent  copper  and  gold  resemble  in  some  ways  Hg'  and  Tl', 
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while  bivalent  copper  resembles  Zn",  Mn",  Fe"  and  Ni", and  tiivalent 
gold  resembles  Al'"  and  Fe'".  This  faiuily  is,  in  t'aot,  not  homoge- 
neous, and  the  close  relation  whieh,  amongst  metals,  subsists  between 
valence  and  chemical  properties  makes  comparisons  with  etenients  of 
entirely  different  families  often  the  most  suggestive. 

Copper. 

Chemical  RelatUtttn  of  the  EU'-ment.  —  Copper  is  the  firat  metal- 
lic element  showing  two  valences  which  we  have  encountered.  losuch 
coses  two  more  or  less  complete,  indejiendent  series  of  salts  are  known. 
These  are  here  distinguished  as  cuprous  (univalent)  and  cupric  (biva- 
lent) salts.  The  methods  by  which  a  compound  of  one  aeries  may  be 
converted  into  the  corresponding  comjround  of  the  other  series  should 
be  noted. 

The  chief  cuprous  compounds  are  CujO,  CuCl,  CuBr,  CuI,  CuCN, 
CuaS.  There  are  no  cuprous  salts  of  oxygen  acids.  The  cuprous  com- 
pound is  in  each  case  more  stable  (p.  119)  than  the  corresponding  cupric 
compound,  and  is  formed  from  it  either  by  spontaneousdecom position,  as 
in  the  caaesof  the  iodide  and  cyanide  (2CuI,  —*  2(.'ul  -f-  1^),  or  on  heatr 
ing.  The  cuprous  halides  and  cyanide  are  colorless  and  insoluble  in 
water ;  but  the  chloride,  being  easily  oxidized  by  air  to  the  cupric  con- 
dition, quickly  turns  green.  The  ion  Cu*  (mouocuprion)  seems  to  be 
colorless. 

The  cupric  compounds  are  more  numerous,  as  they  include  also 
salts  of  oxygen  acids,  like  CuSO„  Cii(NO,)j,  etc.  Cul,  and  Cu(CN), 
cannot  be  obtained  in  pure  form,  as  they  decompose,  giving  the  cuprous 
salts.  The  anhydrous  salts  are  usually  colorless  or  yellow,  but  the 
ion  Cu"  (dicuprion)  is  blue,  and  so,  therefore,  are  the  aqueous  solu- 
tions of  the  salts.  The  cupric  are  more  familiar  than  the  cuprous 
compounds,  since  cupric  oxide,  sulphate,  and  acetate  are  the  compounds 
of  copper  which  most  frecjuently  find  employment  in  chemistry  and 
in  the  arts,     AU  the  soluble  salts  of  copper  are  poisonous. 

In  electrolyzing  salts  of  copper,  a  given  amount  of  electricity  will 
deposit  twice  aa  much  copper  from  a  cuprous  salt  as  from  a  cupric  salt 
(p.  316),  since  mouocuprion  carries  only  half  as  great  a  charge,  weight 
for  weight,  as  dicuprion. 

Writers  on  chemistry  frequently  double  (Cu,Cl„  etc  >  "        tie 

of  cuprous  salts.     The  molecular  weights  in  orp» 
however,  in  many  cases  accord  with  the  sin) 
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inolecular  weights  observeil  in  solution  and  the  vapor  density  of  cuprous 
chloride  (6.(>,  corresponding  nearly  to  CujCl,)  might  be  regarded  as 
being  due  to  association  (imperfect  dissociation,  vf.  p.  205).  The  for- 
mation of  tiiimerous  double  or  complex  compounds  like  HCljCuCl 
(=  HCuCl,),  which  may  be  regarded  as  acid  salts,  however,  lends  sup- 
port to  the  view  that  the  formulis  should  be  doubled.  Inasmuch  as  the 
behavior  of  the  salts  is  sufficiently  well  represented  by  the  simple  for- 
mulEP,  these  are  here  used  throughout  (see  under  Silver,  p.  626). 

Occurrence. —  Copper  is  found  free  in  the  Lake  Superior  region, 
in  China,  and  in  Japan.  The  sulphides,  copper  pyrites  CuFeS,  and 
chalcocite  CujS,  are  worked  in  Montana,  in  southwest  England,  in 
Spain,  and  in  Germany.  Malachite,  CUj(0H),CO,  ( =  Cu(OH)^CuCOJ, 
and  aznrite,  Cii,(01I)/C0»)(,(=  Cu(0HX,2CuC0,),  both  basic  carbon- 
ates, are  mined  in  Siberia  and  elsewhere.  Cuprite  or  ruby  copper 
Cu,0  is  also  an  important  ore.  The  name  of  the  element  comes  from 
the  fact  that  in  ancient  times  copper  ^ines,  long  since  worked  out,  ex- 
isted in  Cypnis.  The  element  is  found  in  the  feathers  of  some  birds, 
in  the  biemocyanin  of  the  blood  of  the  cuttle-fish,  whiuh  ia  blue  when 
arterial  and  colorless  when  venous,  and  elsewhere  in  living  organisms. 


Extraction  from  OreK. —  Por  isolating  native  copper  it  is  only 
necessary  to  separate  the  metal,  by  grindiug  and  washing,  from  the 
rock  through  which  it  ramifies,  and  to  melt  the  almost  pure  powder  of 
copper  with  a  flux  (p.  540).  The  cjirbonate  and  oxide  ores  require 
coal,  in  addition,  for  the  removal  of  the  oxygen. 

The  liberation  of  copper  from  the  sulphide  ores  is  diiSicult,  and  often 
involves  very  elalwrate  schemes  of  treatment.  This  arises  from  two 
causes.  Other  metals,  such  as  iron  and  zinc,  unite  with  oxygen  more 
readily  than  with  sulphur,  and  hence  the  sulphides  are  easily  converted 
into  oxides  by  roasting  with  free  access  of  air ;  with  copper  it  is  jnst  the 
reverse.  Thus,  even  great  excess  of  air  and  repeated  roasting  produce 
oidy  a  gradual  diminution  in  the  amoimt  of  sulphur  in  the  mass.  Then, 
many  copper  ores  contain  a  large  amount  of  the  sulphides  of  iron,  and 
these  have  to  be  removed  by  couversion  into  oxide  (by  roasting)  and 
then  into  silicate  {with  sand).  The  silicate  forms  a  flux, and  separates 
itself  from  the  molten  mixture  of  copper  and  copjier  sulphide 
("matte").  In  Montana  it  is  found  possible  to  abbreviate  the  treat- 
ment. The  ore  is  first  roasted  until  partially  oxidized.  It  is  t 
melted  in  a  cupola  or  a  reverberating  furnace,  and  placed  ill  large 
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I  vessels  lite  Bessemer  couverters  (y.c.)  provided  wHh  a  lining  rich  in 
Biliua.  A  blast  of  air  mixed  with  sand  is  now  blown  tiirougli  the 
mass.  The  Iron  is  completely  oxidized  to  FeO  and  made  into  silicate, 
the  sulphur  escapes  as  sulphur  dioxide,  and  arsenic  and  lead  are  like- 
wise removed  by  this  treatment.  The  silicate  of  iron  floats  as  a  slag 
upon  the  copper  when  the  contents  of  the  converter  are  jwured  out. 
The  resulting  copper  is  pure  enough  to  be  cast  in  Jarge  plates  and 
purified  by  electrolysis  (see  lielow). 

Wet  processes  are  used  for  poor  ores.  In  one  of  these  the  ore  is 
roasted  with  salt.  The  copper  is  thus  converted  into  cvipnc  chloride, 
and  can  be  dissolved  away  from  the  oxide  of  iron  and  other  materials 
by  means  of  water.  Any  traces  of  silver  which  may  have  been  present 
pass  also  into  solution  (as  AgCl),  and  are  precipitated  by  addition  of 
potassium  iotlide.  The  copper  is  then  displaced  by  means  of  scrap 
iron,  and  forni.s  a  brown  sludge  (Cu**  +  Fe|— tPe"  +  ''u  J). 

The  properties  of  copper  are  seriously  affected  by  small  amounts  of 
impurities,  such  aa  cuprous  oxide  or  sulphide,  which  are  soluble  in  the 
molten  metal.  Then,  too,  the  difficulties  in  the  way  of  its  preparation 
are  aggravated  by  the  high  standard  of  purity  demanded  in  order  that  it 
may  have  the  maximum  tenacity,  ductility,  and  conductivity  which  its 
%'ariou3  applications  reqviire.  Hence  a  large  proportion  of  the  copper 
on  the  market  is  purified  by  electrolysis,  a  method  which  meets  the 
case  l>y  giving  a  copper  in  which  foreign  materials  can  Iw  shown  to  be 
present  only  by  the  most  refined  tests.  In  this  method  of  refining  the 
metal,  thin  sheets  of  copper,  coated  with  graphite  to  permit  easy  re- 
moval of  tlie  deposit,  form  the  cathodes,  and  thick  plates  of  copper  the 
anodes.  These  are  suspended  alternately  and  close  together  in  large 
troughs  filled  with  cuprie  sulphate  solution.  The  cathodes  are  all 
connected  with  the  negative  wire  of  the  dynamo,  and  the  anodes  with 
the  positive  one.  The  Cu"  is  attracted  to  the  cathodes  and  is  deposited 
upon  them.  The  SO/'  migrates  towards  the  anodes,  where  copper 
from  the  thick  plate  becomes  ionized  in  equivalent  amount.  The  stock 
of  cuprie  sulphate  thus  remains  the  same,  and  the  practical  effect  of 
the  electrolysis  is  to  carry  copper  across  from  one  plate  to  the  other 
(f/.  p.  325).  The  ciithodes  are  removed  from  time  to  time,  and  the 
deposit  of  copper  ia  stripped  from  their  surface.  Fresh  anodes  are 
substituted  when  the  ohl  ones  .are  eaten  away.  Since  there  ia  no  polar- 
ization, a  current  of  less  than  0,3  volt  suihces.  The  cojiper  is  deposited 
in  pure  form,  although  an  inn  '\  t-d,  liecatise  metals 

like  gold,  silver,  juid  antii  in  the  electro- 
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inotire  series  (p.  362),  and  compounds  like  miprous  sulphide,  c3o  not 
become  ionized.  Tliey  fall  to  tlie  bottojii  of  tlie  tank  iis  ii  fint'  powdiT. 
Similarly,  inebib  like  itinu,  whidi  disidaee  cojijiev,  altliough  they  sire 
dissolved,  are  not  again  dejiosited.  This  will  be  understooil  when  it  is 
considered  that,  if  they  were  to  be  deposited,  they  would  displace 
copper  from  the  solution  and  dissolve.  Siiipe  the  cop[>er.  as  deposited 
on  the  cathottes,  is  crystalliiie  and  jiorous,  it  is  afterwards  melted  and 
i»\st  into  bloi'ks  or  bars. 

In  191)0  the  United  St.ites  proiln<*ed  60  per  cent  of  the  world's 
eopper,  lireat  Hritain  16  per  cent,  and  (Jermany  C  per  uent.  Tlie  pro- 
portions of  the  whole  consumed  in  ea<!h  of  these  countries  were  33,  2'2, 
and  22  jter  cent,  resjieetively. 

Fhf/ith-tif  P  fit  pert  i^H.  —  Copper  ia  red  by  reflected  and  greetiish  by 
trausuiittcd  light.  Native  eopj^ier  shows  crystals  of  tiie  regnlai-  system 
(p.  530).  It  melts  at  1067°,  and  therefore  much  more  easily  than  pure 
iron  (1800°).  When  steel  draw-plates  are  used  it  can  te  drawn  into 
wire  with  a  diameter  of  only  2  tum.,  and  by  means  of  plates  provided 
with  perforated  diamonds  the  diameter  of  the  wire  can  be  reduced  to 
.03  mm.  (1  kilometer  weighs  only  7  g.).  The  metaJ  after  drawing  is 
more  tenacious  but  conducts  electricity  less  welL 

Chemicnl  Pi-opn-ffes. —  In  dry  oiygen,  copper  does  not  rust^ 
In  moist  oxygen  a  thin  tiliti  of  cuprous  oxide  ia  formed,  and  in  ordinary 
air  a  green  basic  carbonate  (nut  verdigris,  y.c).  It  does  not  decom- 
pose water  at  any  temperature  or  displace  hydrogen  from  dilute  acids 
(p.  362).  On  the  other  hand,  hydrogen,  absorbed  in  platinum  or  even 
in  charcoal,  liberates  copper  (Cu  '*  +  H,  — ►  Cn  +  211*)  when  immersed 
in  solutions  of  copper  salts.  The  metal  attacks  oxygen  acids  (pp. 
379,  446),  however.  Again,  acids  like  hydrochloric  acid,  ia  conjunc- 
tion with  oxygen  from  the  air,  do  act  slowly  upon  copper  (2Cii  -J-  4Ht'l 
+  O,  — »  2< 'uClj  4-  2II2O).  This  sort  of  simultaneous  action  of  two 
agents  is  frequently  used,  as  in  making  silicon  tetrachloride  (p.  520). 
In  a  similar  way  searwater  and  air  slowly  corrode  the  copper  sheath- 
ings  of  ships,  giving  a  basic  chloride,  (_'u,(OH),Clj,  HjO(=  3Cu(OH)j, 
C11CI.J,  II3O),  which  is  found  in  nature  as  atakamite. 

On  account  of  its  resistance  to  the  action  of  acids,  copper  is  used 
for  many  kinds  of  vessels,  for  covering  roofs  and  ships'  Ixtttoms,  and 
for  coins.  It  furnishes  also  electrotype  reproductions  of  medals,  of 
engraved  plates,  of  type,  etc.     For  tliis  purpose  a  cast  of  the  object 
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IS  first  made  in  gutt.a  pert-lia,  plaster  of  paris,  or  wax.  This  is  tUeu 
coated  with  graphite  to  give  it  a  conducting  surface,  and  receives  au 
electrolytic  deposit  of  copper.  Great  quantities  of  the  metal  are  used 
in  electrical  plants  and  appliances. 

Alloya,  —  The  qualities  of  copper  are  modified  for  special  purposes 
by  alloying  it  with  other  metals.  Brass  contains  18-40  fier  cent  of 
zinc,  and  melta  at  a  lower  temperature  (p.  532)  than  does  copper.  A 
variety  with  little  3dnc  is  beateu  into  thin  sheets,  giving  Dutch-metal 
("gold-leaf"').  Bronze  contains  3-8  per  cent  of  tin,  11  or  more  per 
cent  of  zinc,  and  some  lead.  It  was  usefl  for  making  weapons  and 
tools  before  means  of  hardening  iron  were  known,  and  later,  on  aceouiit 
of  its  fusibility,  continued  to  be  employed  for  castiugs  until  displaced 
largely  by  east-iron  (discovered  in  the  eighteenth  century).  For  works 
of  art  it  is  preferred  to  copper  because  of  its  fusibility,  its  color,  and 
its  more  rapid  acquirement  of  a  much  prized  •'  jiatina  "  ilue  to  surface 
corrosion.  Artificial  "bronzing"  of  brass  is  effected  liy  applying  a 
solution  of  arseniouB  oxide  in  hydrochloric  acid  (AsUl,).  The  zinc 
displaces  some  arsenic,  which  conibinea  with  the  copper.  Brass  instru- 
ments are  "bronzed"  by  means  of  a  dilute  solution  of  chloroplatinic 
acid  (y*?-),  from  which  the  zinc  displaces  platinum.  Oun-metal  con- 
tains 10  ]ier  cent,  and  bell-metal  25  per  cent  of  tin.  Oerman  Btlvar 
contains  19-44  per  cent  of  zinc  and  (5-22  jier  cent  of  nickel,  and  shows 
none  of  the  color  of  copper.  Alumlnlum-bronze  contains  5-10  per  cent 
of  aiumiaium,  and  resemble.s  gold  in  color.  When  it  contains  some 
iron  it  can  be  worked  at  a  red  heat,  but  not  welded.  SUlcon-bronse 
contains  not  more  than  5  per  cent  of  silicon,  and  is  made  by  adding 
siUcide  of  copper  (maile  in  the  electric  furnace,  p.  457)  to  copper.  It 
has  usually  only  GO  per  cent  of  the  conductivity  of  pure  copper,  but  is 
nearly  twice  as  tenacious,  and  is  used  for  telephone  and  over-head 
electric  wires.  Phosphor-bronze  contains  copper  and  tiu  (100:  9)  with 
J-1  part  of  ]jbosphoru3,  iind  is  employed  for  certain  parts  of  machines. 
Ships'  propellers  are  madcof  manganeBe-brouze  (30  per  cent  manganese). 

Caprtc  ChlorUle This  compound  is  matle  by  union  of  copper 

and  chlorine,  by  treatiug  the  hydrate  or  cai'bonate  with  hydrochloric 
acid,  or  by  heating  copper  with  hydrochloric  acid  and  some  nitric  acid^ 
the  latter  being  used  simply  as  an  oxidizing  agent  (Cu  -|-  2HC1  -(-  O  — » 
CuCl,  +  H,0). "  The  blue  crystals  of  a  hydrate,  Cu('lj,2HjO,  are  de- 
posited  by  the  solution.     The  anhydrous  salt  is  yellow.     Dilute  sola- 
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tious  are  blue,  the  color  of  dicuprion,  but  concentrated  solutions  are 
green  on  account  of  the  presence  of  the  yellow  molecules  (p.  335). 
The  aqueous  solution  is  acid  in  reaction  (p.  344).  When  excess  of 
ammonium  hydroxide  is  added  to  the  solution,  the  basic  chloride,  cupric 
oxychloride  Cu^(OH),CL[  (p.  618),  which  is  at  lirst  precipitated,  redis- 
solves,  and  a  deep-blue  solution  is  obtained.  This  on  evaporation  yields 
deei)-blue  crystals  of  hydrated  ammonio-cupric  chloride  Cu(NH,)4. 
Clj,  HjO.  The  deep-blue  color  of  the  solution,  which  is  given  by  all 
cupric  salts,  is  that  of  the  Cu(NH,)/*  ion.  The  dry  salt  also  absorbs 
ammonia,  giving  CuClj,6NH,.  This  and  the  preceding  compound  have 
an  appreciable  tension  of  ammonia,  J^nd  when  warmed  leave  CuCl^  2NHp 
Reduction  of  pressure  or  rise  of  temperature  results  in  the  final  loss 
of  all  the  ammonia  {cf.  p.  122). 

Cuprous  Chlaride.  —  This  salt  is  formed  when  cupric  chloride  is 
heated  (2CuCl4  ?=t  2CuCl  -f-  CI,).  It  may  be  made  by  adding  hydro- 
chloric acid  to  cupric  chloride  solution,  and  boiling  the  mixture  with 
copper  turnings : 

CuCl,  -f  Cu  -♦  2CuCl  or  Cu**  -l-  Cu  -^  2Cu-. 

The  solution  contains  compounds  of  cuprous  chloride  with  hydrogen 
chloride  HCl,CuCl  or  HCuCLj  and  HjCuClj,  which  are  decomposed  when 
water  is  added.  The  cuprous  chloride  is  insoluble  in  water,  and  forms 
a  white  crystalline  precipitate. 

Cuprous  chloride  is  hydrolyzed  quickly  by  hot  water,  giving, 
finally,  red,  hydrated  cuprous  oxide,  CujO.  When  dry  it  is  not 
affected  by  light,  but  in  the  moist  state  becomes  violet  and,  finally, 
nearly  black.  The  action  is  said  to  be  2CuCl  —t  CuOj  +  Cu.  In 
moist  air  it  turns  green,  and  is  oxidized  to  cupric  oxychloride  (p.  618). 
It  is  dissolved  by  hydrochloric  acid,  giving  the  colorless  complex  acids 
HCuClj  and  HjCuCls.  The  solution  is  oxidized  by  the  air,  turuing 
first  brown  and  then  green,  and  finally  depositing  the  cupric  oxychlo- 
ride. Cuprous  chloride  also  dissolves  in  ammonium  hydroxide,  giving 
Cu(NH,)j.Cl,  the  ion  Cu(NHj)j*  being  colorless.  The  solution  is 
quickly  oxidized  by  the  air,  turns  deep-blue,  and  then  contains 
Cu(NH,)/'.  The  solution  of  cuprous  chloride  in  hydrochloric  acid  is 
used  for  absorbing  carbon  monoxide  from  gaseous  mixtures.  A  crys- 
talline compound  (CuCl,CO,2HjO  ?)  has  been  isolated  from  the  solu- 
tion. 
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The  Bromides  n»d  Iodide*  of  Copper,  —  By  treatment  of  cu. 
pric  oxide  with  hydrobroinic  acid  and  slow  evaporation  of  the  solution, 
jet-black  crystals  of  anhydrous  cuprin  bromide  (CiiBr^)  are  obtained. 
A  conoentrateil  aqueous  solution  is  deep-brown  in  color,  and  the  grad- 
ual ionization  of  the  molecules  as  the  solution  is  diluted  is  well  shown  bj 
this  salt  (p.  33S).  The  ionization  is  here  accompanied  by  evolution  of 
heat  (p.  330),  as  it  is  alao  in  the  cases  of  cupric  chloride  aud  cupric  sul- 
phate, and  in  the  ionized  condition  the  substauces  contain  less  available 
energy  than  in  the  molecular.  In  these  eases,  therefore,  when  the  tem- 
perature is  raised  the  ionization  diminishes  (p.  260),  It  will  be  rcmeui- 
bered  that  ordinary  thermal  dissociation  invariably  inci-eases  with  rise 
in  temperature,  and  is  always  accompanied  by  alisorption  of  heat. 
Ionic  dissociation,  however,  may  be  either  endothermal  or  exothermal. 

When  cupric  bromide  is  heated,  bromine  is  given  off,  and  cuprous 
bromide  CiiBr  remains. 

Cupric  iodide  npprears  to  be  unstable  at  ordinary  temperatures. 
When  a  sohible  iodide  is  added  to  a  cupric  salt,  a  white  precipitate  of 
ouproaa  iodide  aud  free  iodine  are  obtained  : 

2Cn"  +  4I'i^2CuIi-|- V 

The  iodine  may  be  dissolved  in  excess  of  the  soluble  iodide  (p.  235),  or 
reduced  to  hydrogen  iodide  with  sulphurous  acid  (p.  394). 

Tlte  Soltifion  of  Itinoluble  Salta  when  Conipl^-f  /«««  nrr 
Formffl.  — The  solution  of  an  insoluble  salt  like  cuprous  chloride  by 
hydrochloi-ic  acid  or  ammonium  hydroxide  is  typical  of  a  great  variety 
of  actions  of  which  we  here  meet  one  of  the  first  examples  ('•/,  p.  363). 

Since  a  salt  is  normally  less  solultle  in  an  acid  having  the  same 
anion  (p,  581),  the  dissolving  of  cuprous  chloride  in  hydrochloric  acid 
requires  a  special  explauation,  namely,  the  fact  that  here  two  etimplex 
acids  H.CuClj  and  H^CuCl,  are  formed.  The  chloridion  of  the  hy- 
drogen chloride  must  indeed  tend  to  repress  the  ionization  of  the  dis- 
solved part  of  the  cuprous  chloride,  so  that  a  smaller  con  (ventilation  of 
Cu'  remains.  But  the  complex  negative  ion  Cu(-'y  (or  TuCl,")  which  ia 
formed,  is  very  little  dissociated,  and  gives  a  still  smaller  concentration 
of  Cu*  (CuClj'  f±  Cu*  -I-  201').  Thus  this  complex  ion  Is  formed  at  the 
expense  of  the  Cu'  of  the  insoluble  cuprous  chloride,  and  the  lattei 
goes  into  solution  progressively  in  the  effort  to  restore  the  balance : 

CuCl  (solid)  *-;  (.:uCl  (diss'd)  ^  CI'   -H  Cu*  J       _  „, , 
2HC1  ^2H'4-2Cl'i*'^'^'"^'*- 


» 
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The  same  exact  laws  of  equilibrium  used  in  discuBsiug  the  diBsoIv-ing 
of  salts  by  acids  with  a  different  anion  (\>.  599)  may  be  applied  to  the 
whole  profedure. 

Similar  behavior  is  shown  by  the  cyanides  of  copper,  silver,  iron, 
etc.  (q.v.),  of  which  many  complex  ponipounds  are  known. 

ThedisHolvtng  of  cuprous  chloride  by  the  free  ammonia  of  ammo- 
iiiuni  hydroxide  is  explained  in  the  same  way.  The  only  difference 
is  that  here  the  copfwr  is  in  the  complex  positive  ion.  The  ion 
Cu(NH,)j"  gives  little  Cu*  —  less  than  docs  cuprous  chloride,  in  spite  of 
the  insolubility  of  the  latter.  Heuce  the  salt  passes  into  solution 
until  the  ion-product  [Cu']  x  [Cl'J,  with  continually  increasing  [CI'], 
reaches  its  normal  value  or  until  the  solid  is  exliausted. 

The  deep-blue  colored  ion  Cu(NH,),"  given  by  cupric  chloride  and 
other  cupric  salts  is  also  very  little  ionized.  Hence  ammonium  hy- 
droxide dissolves  all  the  insoluble  cupric  compounds  save  only  cupric 
sulphide,  which  is  the  most  insoluble  of  all  —  that  is,  the  one  giving 
the  smallest  concentration  of  dicuprion.  Conversely,  the  sulphide  is 
the  only  insoluble  com[Knind  of  copper  which  can  be  precipitated  from 
ammoniacal  solution.  Zinc  and  other  more  active  metals,  however, 
slowly  precipitate  metallic  copper,  thereby  showing  that  some  dicup- 
rion is  present. 

Ciipfuiiti  OJ'ide,  —  Thi.s  oxide  is  red  in  color,  and  natural  specimens 
show  octahedral  forma.  It  is  profluced  liy  oxidation  of  finely  divided 
copper  at  a  gentle  heat,  or  by  the  atlditioti  of  bases  to  cuprous  chloride, 
and  is  beet  matle  by  the  atition  of  glucose  on  cupric  hydroxide.  The 
latter  is  reduced  by  the  former,  and  the  resulting  hydrated  cuproiia 
oxide  forms  a  pale-brown  precipitattt  which  <|uickly  becomes  bright 
red.  The  simple  hydrate,  CuCtH,  isunkno^n^l,  but  the  alwve  mentioned 
pre('ipitat(j  has  approximately  the  composition  4Cu,0,HjO,  and  yields 
Cu,(J  when  heated. 

Cuprous  oxide  is  acted  upon  by  hydrochloric  acid,  giving  cuprous 
chloride,  or  rather  HCuClj.  It  also  dissolves  in  ammonium  hydroxide, 
giving,  prabably,  Cu{Nn,)j.OH,  which  is  colorless.  With  dilute 
oxygen  acids  part  of  it  is  oxidized,  giving  the  cupric  salt,  and  part  is 
reduced  to  metallic  copper ; 


€^0  +  H,SO.  -»  CuSO,  +  Cu  4-  H,0. 


P  Cupric  Oxide  ttntl  Hffflrnxide.- — Cupric  oxide  is  a  black  sub- 

r  stance  formed  by  licatiiig  copjier  in  a  stream  of  oxygen  or  by  igniting 
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the  nitrate,  earl»nate,  or  hjdroxide.  It  ahsorhs  moishire  fTom  the  air, 
although  it  is  not  soluble  in  water.  WTien  heated  stjongly  it  loses  some 
aiygen,  and  is  partly  reduced  to  ouprous  oxide.  Its  chief  use  is  in  tlie 
HnalyslA  of  componnds  of  carbon.  When  heated  w-itJi  tht?  latter,  it 
3xi(Hi;es  the  hydrogen  to  wattr,  and  the  uarlxm  to  carbon  dioxide.  The 
ajwiTitiou  is  performwl  in  a  tube  through  which  pjksses  a  stream  of 
oxygen,  and  the  products  are  caught  in  glass  vessels  containing  calcium 
chloride  and  {jotassium  hydroxide,  respectively. 

Cupric  hydroxide  is  precipitat^-d  as  a  gelatinous  substance  by 
addition  of  sodium  or  pot^iastum  hydroxide  to  a  solution  of  a  cupric 
salt  (Cu"  + 20H'.^Cu(UH),).  When  the  mixture  is  boiled,  the 
hydroxide  loses  water  and  forma  a  bhick  hyd  rated  cupric  oxide 
(Cu(OH)j,  2CuO  ?).  The  hydroxide  is  soluble  in  auiiiionium  hydroxide, 
with  formation  of  the  compound  f.'u(NH,),.(OH)j,  which  imparts  a 
deep-blue  color  to  the  solution.  Various  forms  of  cellulose,  such  as 
filter  paper  and  cotton,  di.ssolve  in  this  solution,  and  are  reprocipit;»ted 
when  the  ammonium  hydroxide  is  neutralized  witli  aciils.  Cuprio 
hydroxide  dissolves  also  in  a  solution  of  sodium  tartmte  (XayC^HjO, 
(OH),),  giving  a  deep-blue  liquid  (practically  "  Pehling's  solution"). 
In  this  action,  it  enters  into  the  negative  ion,  as  issho^^^l  by  electrolysis, 
interacting  apparently  with  the  hydroxy  1  grouiw  of  the  tartranion. 
In  this  condition  it  is  reduced  by  sugars  (see  above)  with  especial  ease, 
and  is  in  this  form  used  as  a  test  for  them. 


Cupric  Nitrate.  —  The  nitrate  is  made  by  treating  cupric  oxide 
or  copper  with  nitric  acid  (p.  446),  and  is  obtained  from  the  solution 
a,p  a  deliiiuesceut,  crystalline  hydrate.  The  hexaliydrate  is  secured 
at  teniperatures  l>elow  24,5°,  its  transition  point  (j).  fifll),  and  the  tri- 
hydrate  from  24.5°  up  to  114.5°  (its  transition  point;  see  under  Mau- 
ganous  stdphate).  ^^^len  dehydrated  at  66°  the  salt  is  partly 
hydrolyzed,  and  a  basic  nitrate  Cu^(OH),(NOg),  remains. 


Cttrbounte  uf  Copper. — No  normal  carbonate  (CuCO,)  can  lie 

obtained.     A  busii^  carltonate  (malachite)   is  found  in   nature,  and  is 
precipitated  by  adding  soluble  carbonates  to  cupric  salts  : 

2CnS0,  +  2Na,™.  +  H,0  —  ru,(OH),CO,  +  2Na,80^  +  CO,. 

Presumably,  tlie  carbonate,  if  formed,  would  be  hydrolyzed  by  water. 


^ 


Cf/fiHUleti  of  Cnppet,  —  Wien  potassium  cyanide  is  added  *o  a 
solution  of  a  cuprio  salt,  uupric  ciyanide  is  precipitated.  This  is  not 
stable,  however,  and  gives  off  cyanogen,  leaTing  cuprous  cyanide : 

2Cii(CN),  -»  2CuCIS"  +  C,N,. 

Cuprous  cyanide  is  insoluble  in  water,  but  interacts  with  an  excess  of 
potassium  cyanide  solution,  producing  a  colorless  liquid,  from  which 
KC!N,(.'uCN,  or  K.Cu(CN)j,  potassium  cuprocyanide,  may  be  olitjuned 
in  colorless  crystals.  The  complex  anion  Cu(C!N),'  is  so  little  ionized 
to  Cu'  and  2CN'  that  all  insoluble  copper  conipoujids,  incliitlinr/  cuprie 
aidphiiip,  are  dis.'solved  by  potassium  cyanide;  and  none  of  them  can 
be  precipitated  from  the  solution.  Zinc  is  actually  unable  to  displace 
copper  from  such  a  solution.  The  cause  of  the  solution  of  the  salts 
is  the  same  as  when  the  complex  ions  Cu(NH,)si',  Cu(NH,)^",  and 
CuCy  are  formed  (p.  621). 

Cupric  Acetate.  —  By  the  oxidation  of  plates  of  copper,  sep- 
arated by  clotks  saturated  with  acetic  acid  (vinegar),  a  basic  a«etate 
of  copjjer  (verdlgriB)  is  obtained  : 

6Cu  +  SHU.H.Oj,  +  30,  -»  2Cu,(0H),(C^,0,)^  +  2H,0. 

It  is  used  in  manufactwring  green  paint,  is  insoluble  in  water,  and  is  un- 
affected by  light.  It  dissolves  in  acetic  acid,  and  green  crystals  of  the 
normal  acetate  CuCCjHjOjjiHjO  are  obtained  from  the  solution.  The 
biUiic  acetate  is  used  in  preparing  parts  green.  A  hot  solution  of 
arsenious!  acid  (HjAsO,)  is  mixed  with  a  paste  of  rerdigria  and  a  little 
acetic  acid  and  Iwiled.  A  precipitate  of  paris  green  Cu(CjH|0,)pCu, 
ASjOj,  which  has  a  unirjue  light-green  color,  is  thrown  down.  On  ac- 
count of  their  poisonous  nature,  this  compound  and  Scheele's  green 
(CviHAsOj)  are  little  used  as  pigments.  The  former  is  cJuefly  made 
iafme  m  the  extermination  of  potato-ljeetles  and  other  insects  and 
e^uployment  in  the  desti'uction  of  parasitic  fungi. 

Clip  tic  Sulpha  te.  —  This  salt  is  obtained  by  heating  copper  ia  a 
furnacB  with  Mulphur,  and  admitting  air  to  oxidize  the  cuprous  sul- 
phide. The  mixture  of  cupric  sulphate  and  cupric  o.xide  which  is 
formed  is  treated  with  sulphuric  acid.  The  salt  is  also  made  by  allow- 
ing dilute  sulphuric  acid  to  trickle  over  granulated  copper  while  air 
has  free  access  to   the  material  (2Cu  +  2H,S0|  +  O,  — .  2CuS0(  + 
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2HjO).  When  concentrated  and  at  &  high  temperature,  solphurio 
acid  will  itself  act  as  the  oxidizing  agent  ((/.  p.  379j. 

Cupric  sulphate  ci-ystallizes  as  penUihydrate  CuSO„oHjO  in  blue 
asymmetrip  crystals  (Fig.  41,  p.  120),  and  in  this  form  is  called  tilu&«tone 
or  blue  vitriol.  The  dissociation  of  thia  hydrate  has  been  discussed 
on  page  122.  The  aqueous  solution  has  an  acid  reaction  (p.  344). 
The  anhydrous  salt  is  white,  and  can  be  crystallized  in  thin  needles 
(rhombic  system  ?)  from  solution  in  htit,  concentrated  sulphuric  acid 
('■/-  I'P-  120-123).  Cuprif^  sulphate  is  employed  for  making  other  com- 
pounds of  copper,  in  copjier-plating  (p,  618),  in  k'ltteries,  m  a  mordant 
in  dyeing  (j.c.)  and  calico-printing,  anil,  aa  a  germicide  aud  insecti- 
cide, for  spraying  plante. 

When  ammonium  hydroxide  is  added  to  cupric  sulphate  solution, 
a  pale-green  basic  salt  (Cu,(011)„SO,?)  is  first  precipitated.  With 
excess  of  the  hydroxide  the  blue  t'u(NH,,)j"  ion  fp.  G20)is  formed,  and 
crystals  of  ammonin-cupric  sulphate  (*u{NHj),.S(>4,HjO  can  be  obtained 
from  the  solution.  This  compound  easily  loses  water  and  ammonia 
(by  stages),  leaving  successively  CuSO,.  2NH„  and  CuSO,.  XH,.  Cuprio 
sulphate  also  combines  with  potassium  and  ammonium  sulphates, 
giving  double  salts  of  the  form  CuS0„K;S0^,6H,0,  which  are  de- 
posited in  large,  monosymmetric  crystals  from  the  mixed  solutions 
(see  Zinc  sulphate). 

The  SulphUles  of  Coftper.  —  Cuprous  sulphide  Cu^S  occurs  in 
nature  in  rhombic  crystals  of  a  gray,  metallic  appearance.  It  is  made 
by  heating  cupric  sulphide,  a  stream  of  hydrogen  gas  being  used  to 
assist  the  removal  of  the  excess  of  sulphur. 

Cupric  sulphide  is  deposited  as  a  black  precipitate  when  hydrogen 
sulphide  is  led  through  a  solution  of  a  cupric  salt.  Made  in  this  way, 
it  is  always  partly  decomposed  into  f^u^S  +  8.  By  cautiously  treating 
copper  with  excess  of  sulphur  at  114"  it  may  be  obtained  as  a  blue 
crystalline  solid.     At  higher  tem[>eratures  it  gives  off  sulphur. 

Analytical  Reactionn  of  CompnnndM  of  Copper,  — The  ion  of 

ordinary  cupric  sails,  dieupriou  Cu",  is  blue,  and  that  of  cuprous 
salts,  raonocuprion  Cu*,  is  colorless.  Cuprous  solutions,  however,  are 
easily  oxidized  by  the  air  and  become  blue.  In  solutions  containing 
dicuprion,  hydrogen  sulphide  preuipitates  cupric  sulphide,  even  in 
presence  of  acids  (p.  600).  Bases  throw  down  the  blue  hydroxide, 
and  carbonates  precipitate  a  greeu  basic  salt  (p.  623).     Potassium  fer- 
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rocyanide  gives  the  brown,  gelatinous  cujirii;  fori  wyaiiide  (2Cu,SOj  + 
K4.Fe(_CN),  ?=♦  CUi-Fe(*^N}g|  +  2K^80,).  A  very  characteristic  test  is 
the  formation  of  the  deeji-lilue  Cu(NII,)/*  ion  with  excess  of  ammo- 
niuni  liydroxide.  This  sulution  itself  gives  a  jirecipitiite  with  hj'dro- 
geii  suliiliide  only.  Sohitions  of  complex  cuprous  atul  cupric  eyanidea 
such  as  K.Cu(CN)j  aiul  K,.(.'u(CN),  are  colorless,  and  do  not  resjwnd  to 
uny  of  tlio  alxjve  testa.  With  microcosmic  salt  or  borax  (pp.  468,  528), 
copper  coin{>ound8  form  a  bead  which  is  gi-eeii  in  the  oxidizing  ]iart  of 
tlie  flame  and  becomes  red  and  opaque  (liberation  of  eopijer)  in  the 
reducing  flame, 

SiLVEK, 

Chemical  Relntionit  of  the  Klentetit.  — This  element  preBente  a 
carious  assortment  of  cheinical  properties.  It  differs  from  copper  iu 
having  a  strongly  basic  oxide,  in  giving  salts  with  active  acids  which 
are  not  liydrolyKed  by  w.ater,  and  in  forming  neutra!  rather  than  basin 
salts.  In  these  respects  it  approtiehes  the  metals  of  the  alkalies  and 
alkaline  earths.  It  resembles  copper  in  entering  into  complex  com- 
pounds, anil  in  giving  insoluble  halides  like  the  cuprous  halides.  It 
diffei's  from  both  copper  and  thi?  metals  of  the  alkalies,  and  resembles 
gold  and  platinum,  in  that  its  oxide  is  easily  decom|M>sed  by  heat, 
with  formation  of  the  free  metal,  and  in  the  low  jMsition  it  occxipies  in 
the  electromotive  series  ami  the  conset^uent  slight  chemical  activity  of 
the  free  metal. 

The  salts  are  always  represented  by  the  simplest  fornmla,  AgCl, 
etc.,  although  in  organic  solvents  greater  tendencies  to  polynierizatiou 
are  observed  than  in  the  ease  of  the  cuprous  compounds  (p.  615), 

Occttf*ren.ce»  — Native  silver,  aoinetiines  found  in  lai'ge  masses,  al- 
tiiough  more  nsually  scattered  through  a  rocky  matrix,  contain3  vary- 
ing amounts  of  gold  anil  copper.  Native  copper  always  contains 
dissolved  silver.  Sulphide  of  silver  (AgjS)  occurs  alone  and  dissolved 
in  galcnite  (VbS),  with  which  it  is  isomorphou.s.  Smaller  amounts  of 
the  metal  Eire  obtained  from  pyrargyrite  Ag^SbSj  and  proustite  Ag,A9St. 
%vhi<'li  are  silver  sulphantimonite  and  sulpharsenite  respectively,  and 
from  horn-silver  AgCl. 

MetaUai-ffff.  — The  silver  contained  free,  or  as  suljihide,  in  ores 

of  copiKT  and  lead,  is  found  in  the  free  state  dissolved  in  the  metals 
extracted  from  these  ores,  and  is  scoured  by  refining  them.  In  the  elec- 
trolytic refining  of  copper,  silver  is  obtained  from  the  mud  deiwsited  in 
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^e  baths  (p,  617).  The  jiroixirtion  present  in  lead  is  usually  small. 
Formerly  the  PattinBon  desilveri sting  procesa  was  largely'  employed, 
lu  it  the  inetalli(!  lead  is  melted  in  iron  vessels,  aiid  the  crystals  ot 
lead,  deposited  as  the  metiil  slowly  loses  heat,  are  raked  out.  These 
consist  at  first  of  pure  lead  (r/.  p.  294).  When  the  remaining  liquid 
becomes  saturated  witli  silver  it  begins  to  deposit  lead  and  silver  to- 
gether. At  this  point  the  residue  is  placetl  in  a  hollow,  lined  with 
bone-ash,  forming  part  of  a  reverberatory  fumace  ( Fig.  100,  p.  572),  and 
hejtted  strongly  while  a  blast  of  air  passes  over  its  surface.  In  this 
process,  called  "  cui.>ellation,"  the  lead  is  converted  into  litharge  (PbO), 
which,  driven  by  the  air,  flows  in  molten  condition  over  the  edge  of 
the-  impel.  When  the  last  timce  of  lead  is  gone,  the  shining  surface  of 
the  pure  silver  '•  flashes "  into  view  {']f.  p.  547).  Paike'a  proceas, 
which  has  aupersedwl  the  above,  takes  advantage  of  the  fact  that  mol- 
ten zinc  and  lead  are  practically  insoluble  in  one  another,  whUe  silvei' 
is  much  more  soluble  in  zinc  than  in  lead.  Lead  dissolves  1.6  per 
cent  of  zinc,  and  zinc  1.2  per  cent  of  lead.  The  principle  is  the  same 
as  in  the  removal  of  iodine  fro:n  water  by  ether  (p.  155).  The  lead  is 
melted  and  thoroughly  mixed  by  maehiner)'  with  a  small  proportion  of 
zinc.  After  a  short  time  the  zLuc  floats  to  the  top,  carrying  with  it  in 
solution  almost  all  of  the  silver,  and  solidifies  at  a  temperature  at 
which  the  lead  is  still  molten.  The  zinc-silver  alloy  is  skimnied  off, 
and  heated  moderately  m  a  furnace  to  permit  the  adhering  lead  to 
drain  away.  The  zinc  is  finally  distilled  off  in  clay  retorts,  aud  the 
lead  remaining  with  the  silver  is  removed  by  cupellation. 

Ores  of  silver  which  do  not  contain  much  or  any  lead  are  often 
smelted  with  letul  ores,  and  the  ])roduot  is  treated  as  described  above,  but 
many  otber  processes  are  in  use.  Thus,  sulphide  ores  are  sometimes 
roasted  until  the  iron  and  part  of  the  copper  are  converted  into  oxide 
while  the  rest  of  the  copper  and  all  the  silver  remain  as  sulphate. 
The  metal  is  secured  by  extracting  the  mass  with  water  and  precipitat- 
ing the  silver  by  means  of  copper  (p.  3ti2) .  Some  ores  are  roasted  with 
salt,  aud  the  resulting  cliloride  of  silver  is  dissolved  out  with  sodiuni 
thioaulpbate,  or  even  strong  brine.  In  Mexico  the  "patio"  process  has 
been  iu  use  since  1667.  The  sulphide  is  converted  into  chloride  by 
the  action  of  cupric  chloride.  Metallic  mercury  displaces  the  silver 
(AgCl  -f-  Hg  — »  HgUl  +  Ag),  and,  being  present  iu  excess,  dissolves 
it.  The  treatmerit  occupies  several  weeks,  and  much  mercury  is  con- 
sumed. The  amalgam  is  finally  secured  by  "  washing,"  and  the  mercury 
is  separated  from  the  silver  by  distillation. 
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In  1899  the  production  of  silver  in  the  Unite<l  States  was  2915  tons, 
in  .Mexico  1418  tons,  in  Europe  IViS  Uias.  Duriug  tlie  tirat  half  of 
the  nineteenth  (-entnry  tlie  total  worUl'a  output  averaged  only  ti43  tons 
per  yeai'.  Up  to  187U  a  gram  of  gold  could  buy  15.5  g.  of  silver.  Kow 
that  the  production  hus  reached  UUUO  tons,  the  same  amount  of  gold 
purchases  about  35  g. 

Ptif/ttieal  PfniterHeK,  —  Pare  silver  is  almost  perfectly  white.  It 
melts  at  900°.  Its  ductility  is  so  great  tiiat  wires  can  be  drawn  of 
such  fineness  that  2  kilometers  of  the  tiuest  wire  weigh  only  about  1  g. 
In  the  molten  condition  it  absorbs  mechanically  about  twenty-two 
times  its  own  volume  of  oxygen,  but  givea  up  almost  all  of  this  as 
it  eolidities.  Fantastically  irregular  masses  result  from  the  "  sprout 
iiig"  or  "spitting"  which  accompanies  the  escape  of  the  gas. 

By  atldition  of  ferrmis  citrate  to  silver  nitrate,  a  red  solution  and 
lilac  precipitate  of  free  silver  can  be  made.  The  latter,  after  washing 
with  ammonium  nitrate  solution,  gives  a  red  solution  in  water.  Other 
solutions  of  eolloidid  (ef.  p.  523)  silver  showing  a  variety  of  colors 
have  beeji  prepared  by  l.'ary  Lea,  Such  colloidal  solutious  of  metak 
are  formed  ako  by  passing  an  electrical  discharge  between  wires  of  sil- 
ver, gold,  or  platinum  held  under  water. 

Bilver  is  alloyed  with  copper  to  render  it  harder.  The  silver  coin- 
age of  the  United  States  and  the  continent  of  Europe  has  a  "  fine- 
ness of  900  "  (900  parts  of  silver  in  1000),  and  that  of  Great  Britain 
925.  Silver  ornameuts  liave  a  fineness  of  800  or  more.  A  superficial 
layer  of  almost  pure-white  silver  is  produced  by  heating  the  object  in 
the  air  and  dissolving  out  the  cupric  oxide  thus  formed  with  dilute 
sulphuric  acid.  The  surface  of  the  prodiK-ts,  if  not  subsequently  bur- 
nished, is  "frosted."  "O.xidtzed  silver"  is  made  by  dipping  objecta 
made  of  the  metal  in  a  solution  of  potassium  hydrogen  sulphide, 
whereby  a  thin  film  of   silver  sulphide  is  produced. 


Chemical  Properties,  — Silver  does  not  combine  with  oxygen, 
either  in  the  cold  or  when  heated.  It  does  not  ordinarily  displace 
hydrogen  from  a'lueous  solutions  of  acids,  but  its  tendency  to  form  the 
sulphiile  is  so  great  that  it  decomposes  hydrogen  sulphide  and  alkali 
sulphides  (rf.  p.  a91).  It  also  displaces  hydrogen  when  boiled  with 
concentrated  hydriodio  acid,  giving  Agl.Hl.  Silver  interacts  witli 
cold  nitric  acitl  and  with  hot.  concentrated  sulphuric  acid,  giving  the 
nitrate  or  sulphate  of  silver  and  oxides  of  nitrogen  or  of  sulphur  (p.  446). 
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Since  its  hydroxidt?  lias  no  tendency  to  bohavi^  as  an  acid,  ivlkiUiea, 
whether  in  solution  or  fused,  havi>  no  at'tiou  upon  silvur,  llt'iK't'  ulka- 
line  siibstaucea  are  heated  in  vessels  of  tliis  nu^tid  or  of  iron,  rather 
than  in  vessels  of  platinimi  (?.''.})  liecause  phitiiiniii  is  attacketl  by 
alkaline  materials. 


Th€  Ilftlldejt  of  Sitrer.  —  The  chloride,  bromide,  aud  iodide  urn 
formed  as  eurdy  pi-ecipitatea  when  a  salt  of  silver  in  added  to  a  solu- 
tion eoutainijig  the  appropriate  halide  ion.  The  first  is  wliitu,  aud 
melts  at  about  457°.  The  second  and  third  are  very  pale-yellow  aud 
yellow  respectively.  The  insolubility  in  water,  whieh  is  very  t;reat, 
increases  in  the  above  order.  The  ioilide,  after  ineiting,  solidiliea  and 
forms  quadratic  crystals,  wliieh,  as  they  cool,  pass  at  146°  into  a 
different  physical  variety  (hexagonal)  with  evolution  of  heat  {ef. 
pp.  3(58.  565). 

lYlien  exposed  to  light,  the  chloride  baoomea  first  violet  and  iinally 
brown,  chlorine  being  liberated.  The  bromide  and  iwlide  behave  simi- 
larly. It  13  believeil  that  a  sub-chloride  and  suij-bromide  Ag/'l  aiitt 
Ag,Br  are  formed  in  the  early  stages  of  the  aetiou  (see  Photography, 
below).  Solid  silver  chloride  absorbs  atnmoiiia,  forTning  tirst^AgCI, 
3NH„  and  then  AgCl,3NH„  the  furuior  with  a  Uniaion  of  i)3  mm.,  and 
the  latter  with  a  tension  of  about  oue  atniosphftre  of  ammonia  at  tUP 
{ef.  p.  123).  TliH  bromide  forma  no  compound  i»  this  way,  but  the 
^iodide  yields  2AgI,NH^ 

In  consequence  of  the  progressive  insolubility,  a  cold  solution  of  a 
romide  will  slowly  convert  the  precipitate  of  silver  chloride  into 
bromide,  and  a  soluble  iodide  will  similarly  trausforni  the  Itromide  or 
the  chloride  into  iodide  (r/.  p.  585).  (Chlorine  gas,  however,  displaces 
bromine  and  iodine  from  the  dry  compounds  (rf.  p.  361).  This  illus- 
trates well  the  absence  of  any  relation  between  the  electromotive 
series  and  double  decomposition  (p.  362), 

Silver  fluoride  may  be  made  by  treating  the  oxide  or  carljonate 
with  hydrofluoric  acid  (H,F,  +  Ag,0  -.  2AgF  -j-  H,0).  The  salt  is 
very  soluble  and  deliquescent. 

Complex  Cvmpoutulg  ofHilt^er.  — Silver  chloride  dJMtdrse  easily 

I     in  excess  of  ammonium  hydroxide,  giving  the  complex  cation  AgfNH,)j'. 

''  "^^nder  certain  conditions  octaliedral  crystals  (Fig.  48,  p.  Ki8)  of  Ag</1  are 
deposited  from  the  solution,  aiid,  under  other  conditions,  crystals  of  th 
composition  2Agd,3IfH,.    The  bromide,  which  is  less  readily  solub 
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gives  the  same  complex  ion.  The  iodide  is  hardly  soluble  at  all.  Ain- 
monio-ai'gention  Ak(NH3).j*,  in  solutions  of  (Mincuntratioua  such  as  are 
uomraoiily  used  (.IN  to  N ),  gives  about  the  same  conceutration  of  argen- 
tion  Ag'  as  does  the  liroinide,  and  niiieh  more  than  the  highly  insoluble 
iodide  (rf.  ji,  544).  Hence  the  latter  is  ahnost  insoluble  in  ainiuouium 
hydroxide,  and  can  \w,  precipitated  in  aranujniaual  solution.  All  three 
of  the  insoluble  halides  dissolve  ill  Bolutiuna  of  potassium  cyanide  and 
of  sodium  thiosulphate,  as  do  also  all  the  other  insoluble  silver  salts. 
Usually  ail  equivalent  amount  of  the  cyanide  or  thiosulphate  suffices, 
but  for  solution  of  the  sulphide  an  excess  is  re<iuircd.  With  tlie 
eyanitle,  double  decomposition  gives  first  the  insoluble  silver  cyanide 
(AgCX)  which  then  dissolves,  forming  the  soluble  jwtassium  argenti- 
cyanide  K.Ag(t'N),.  The  thiosuljihate  gives  a  solution  from  which 
crystals  of  a  complex  salt  2Xa AgS^Oj,  Xa^WjO,  are  obtained.  The  com- 
plex anion  in  tlie  solution  apj;>citi"s  to  lie  Ag(S5()3)j"'.  Since  the  iodide 
dissolves  in  the  thiosulphate  with  considerable  difficulty,  we  should 
infer  tliat  the  complex  thiosulphate  anion  gives  about  the  same  concen- 
tration of  argentiou  as  does  the  iixJide.  An  inde'pendent  method  of 
measuring  the  concentrations  of  argeiition  in  all  the  solutions,  places  the 
comjvounds  in  the  order  of  diminishing  ability  to  give  argention  thus, 
AgCl,Ag{NH,)/,  AgBr.  Ag(S,0.)/",  Agl,  Ag(CNV,  Ag,S,  ami  com- 
lirms  the  above  inferences  (see  Concentration  cells}.  The  more  active 
raetala,  like  zinc  and  copper,  displace  silver  from  all  solutions,  whether 
the  solutions  contain  simple  or  complex  salts. 

Oxirfe*  »f  Silnei'.  —  When   sodium   or  potassium   hydroxide  is 

added  to  a  solution  of  a  salt  of  silver,  a  pale-browii  precipitate  is 
obtained,  which,  aft*r  lieing  freed  from  water,  is  found  to  be  Ag^O.  We 
should  expect  to  obtaiu  the  hydroxide  (AgOH)  in  this  fashion,  but  it 
appeal's  to  be  unstable.  The  aqueous  solution  of  argentic  oxide,  how- 
ever, is  distinctly  alkaline,  and  piresuiuably  therefore  does  contain  the 
hydroxide  ;  2AgOH  r^  AgjO  -|-  lijO.  Sdver  oxide  is  formed  by  Iwil-  ■ 
iug  silver  chloride  with  caustic  potash.  Sinc^  the  oxide  is  much  more 
soluble  than  the  chloride  (p.  544),  we  should  exjiect  the  reverse  of  the 
above  action  to  be  the  normal  one.  Here,  however,  the  excess  ot  ftotas- 
sium  hydroxide  (hydroxidioii)  represses  the  ionization  of  the  silver  hy- 
droxide and  reverses  the  relations  in  regard  to  solubility  (r/.  p.  585). 
Argentic  oxide  melts  and  gives  off  its  oxygen  at  250-270*.  It  is  an 
active  basic  oxide,  and  all  the  salts  of  silver  are  derived  from  it,  the  two 
other  oxides  having  no  corresponding  salts.     W'heu  moist,  it  ttbaorba 


earhon  dioxide  from  the  air.  Its  solutions  are  said  to  show  concentra- 
tions of  hytli'oxidion  rnueli  smaller,  it  is  true,  than  equimolar  solutions 
of  the  active  bases,  but  considerably  greater  than  similar  solutions  of 
ammonium  hydroxide  (p.  331).  The  oxide  dissolves  easily  in  ammo- 
nium hydroxide,  and  the  ammonio-argentic  hydroxide  Ag(NiI,)^On 
which  is  formed  is  as  active  a  base  aa  is  potassium  hydroxide.  The 
solution,  when  allowed  to  evaporate,  deposits  black  crystals  of  an 
explosive  substance  whose  oominiaition  lias  not  lieen  determitied. 
This  is  *'  fuhninating  silver "  (not  to  be  confused  with  fulminate  of 
silver  Ag.ON<"). 

Silver  peroxide  AgjO,  (<■/.  p.  308)  is  formed  by  the  action  of  ozone 
on  silver.  In  the  electrolysis  of  silver  nitrate  it  Is  deposited  in 
shining  black  crystals  on  the  positive  electrode.  There  is  also  a 
suboxide  Ag,( ). 

Stiver  Nitrate. — This  salt  is  obtained  by  treating  silver  with 
aqueous  nitric  a<.:ul : 

3Ag  +  4HN0,  ^  3AgNO,  +  NO  +  2H,0. 

From  the  solution,  colorless  rhombic  crystals  (Fig.  7,  p.  13)  isomorphous 
^vith  those  of  pot.issium  nitrate  (Fig.  98,  p.  557)  are  deposited.  These 
melt  at  218°.  In  the  form  of  thin  sticks  matle  by  casting  flunar  •  caus- 
tic), tlie  suljstauce  is  used  in  medicine,  partly  because  it  combines  with 
albumins  to  form  insoluble  compounds.  When  commercial  silver,  coa- 
tdiuing  cop{>er,  is  used  to  make  silver  nitrate,  the  solution  is  evapo- 
rated to  tlrynesB  and  heated  at  250°  until  the  nitrate  of  copper  has  all 
been  decomposed-  At  this  temperature  the  silver  salt  is  unalTected, 
and  when  cool  can  be  separated  from  the  insoluble  cupric  oxide  by  ex- 
traction with  water. 

The  aqueous  solution  is  neutral.  The  pure  salt  is  not  affected  by 
light,  but  when  deposited  on  cloth,  on  the  skin  of  the  fingers,  or  on  the 
mouth  of  the  reagent  bottle,  it  is  converted  into  the  chloride,  and  from 
this,  in  turn,  silver  is  liberated.  For  this  reason  it  is  an  ingredient  in 
marking-inks.  The  dry  compound  comtnoes  with  ammonia,  giving 
AgNO^SXH^  In  its  aqueous  solution  amnioninii)  hydroxide  pro- 
duces, first  a  faint  precipitation  of  the  oxide,  and  then  the  soluble 
complex  salt  Ag(NH,)rNO,. 

Other  Sattf  of  Silver.  —  Silver  oMbonate,  the  neutral  salt  Ag,CO„ 
and  not  a  basic  carbonate  is  precipitated  from,  solutions  of  salts  of 
*  (lAt.)  hma  (ibe  moon),  tbe  alcbenu'cal  name  for  silver. 
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silver  by  soluble  c.irbonates.  It  is  slightly  yellow  in  color.  With  water 
it  gives  a  faint  alkaline  reaction,  and,  like  calcium  carbonate,  is  soluble 
in  excess  of  carbonic  acid  (p.  594).  When  heated,  the  carbonate  decom- 
poses, leaving  metallic  silver.  Other  compounds  of  silver,  for  example, 
the  chloride,  when  heated  in  a  ci-ucible  with  sodium  carbonate  give  this 
salt  by  double  decomposition,  and  hence  are  finally  reduced  to  a  button 
of  UJetT.llic  silver.  The  sulphate  is  made  by  the  action  of  concen- 
trated sulphuric  acid  on  the  metal.  It  is  not  very  soluble  in  water,  and 
crystallizes  in  rhombic  prisms  isomorpbous  with  anhydrous  sodium 
sulphate.  When  it  is  mixed  with  a  solution  of  aluminium  sulphate 
(q-v.),  octahedral  crystals  of  silver-alum  AgjSO„  Al;{S0,)„24H,O  aw 
obtained.  Silver  sulphide  is  precipitated  by  hydrogen  sulphide  from 
solutions  of  all  silver  compounds,  whether  free  acids  are  present  or 
not,  and  irrespective  of  the  form  in  which  the  silver  is  combined. 
Excess  of  potassium  cyanide,  however,  prevents  its  precipitation  froni 
the  argenticyanide.  The  sulphide  is  formed  hy  the  action  of  metallic 
silver  oti  alkaline  hydrosulphides,  and  this  interaction  forma  the  basis 
of  the  «'  hepar  "  test  for  sulphur  (p.  391).  Silver  ortbophospbate  AgjPO, 
(yellow),  arsenate  Ag,A80(  (brown),  and  chromate  AgjCr(.\  (crimson), 
produced  by  precipitation,  and  their  distinctive  colors  enable  ua  to 
%8e  silver  nitrate  in  analysis  as  a  reagent  for  identifying  the  acid 
radicals. 

Elecfroptatinff. — The  process  is  similar  to  the  electro-deposition 
of  copper  (p.  617).  The  article  to  be  plated  is  cleaned  with  extreme 
care  and  attached  to  the  negative  wire.  A  plate  of  silver  forma  the 
positive  electrode,  and  since  simple  salts  of  silver  do  not  give  coherent 
deposits,  the  txvth  is  a  solution  of  potassium  argenticyanide.  The 
kalion  (K*)  migi-at<?s  to  the  negative  wire,  and  since  potassium  requires 
a  much  greater  E.M.F.  for  its  liberation  than  does  silver,  silver  is 
there  deposited  from  the  trace  of  argention  given  by  the  complex  sOver 
ions  in  the  neighborhood; 

Ag(CN)/  i^  Ag-  +  2CN' 
Ag*  -H  0  ^  Ag. 

The  potassium  cyanide  remains  in  solution.  At  the  positive  d1e«toode 
silver  goes  into  solution  in  equivalent  amount  giving  argention,  and 
the  above  equations  are  reversed. 

Mirrors  are  silvered  through  the  reduction  of  silver  nitrate  by 
organic  compounds  such  as  potassium-sodium  tartrate  ( Roc beUe  salt), 
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glycerine,  formaldehyde  (formol),  or  su^r.  On  a  small  scale,  dilute 
silver  nitrate  is  mixed  with  ammoDiuni  hydroxide  until  the  sulutioii  is 
clear,  and  tlien  a  little  caustic  [lotasli,  a  few  iiiore  drops  of  aniiiiouiii, 
and  tinally  a  very  little  glycerine,  are  iiddcd.  A  watch-glass  flijated 
on  this  mixture  quicikly  acquires  a  deposit  of  silver. 

Phntofft'»iihii.  —  Brnmo-gelatinp  dry  plates  are  made  by  preparirii" 
an  emidsion  of  gelatine  to  which  silver  nitrat*;  and  a  slight  exw^s  of 
ammonium  bromide  have  been  added.  After  the  emulsion  haa  Iweii 
kept  warm  until  the  precipitate  of  silver  hi-omide  haa  coagulated  into 
small  granules  {"  ripening"),  it  is  allowed  to  solidify.  It  is  then  cut 
up,  and  the  atiimonium  nitrate  is  wa.shed  out  with  water.  After  drying 
and  remelting,  the  emulsion  is  finally  applied  to  plates  of  glass.  The 
excess  of  ammonium  bromide  and  the  ripening  btjth  increase  the 
subsefiuent  sensitiveness  of  the  plates. 

After  exposure,  often  for  only  a  fraction  of  ;i  second,  there  ia  no 
visible  alteration  in  the  Him.  The  image  is  deyeloped,  I'hemically, 
this  consists  in  reducing  the  silver  bromide  to  mctnllie  silver  by  nieana 
of  reducing  agents.  While  the  whole  of  the  liaJide  upon  the  plat*  is 
reducible,  if  the  reducing  agent  is  kept  upon  it  for  a  sufficient  length 
of  time,  the  parts  reached  by  the  light  arc  alTcett'd  first,  and  with  a 
speed  proportional  to  the  ijiteiisity  of  the  illumination  undergone  by 
each  part.  The  reducing  agent  is  poured  off  when  suffit^ieut  "  contrast " 
between  the  parts  variously  illuminated  has  been  attained.  The  un- 
reduced silver  bromide  m  then  dissolved  out  with  so<lium  thiosul|)hate 
("hyposulphite  of  soda''  or  "hyiw"),  and  the  silver  image  is  thus 
saved  from  obliteration  by  the  silver  that  would  be  deposited  if 
tbe  plate  were  to  lie  brought  into  the  light  without  this  treatment 
(flxlng).  The  result  is  a  "  negative,"  as  the  partJj  bright*;3t  in  the 
object  are  now  opaque,  and  the  darkest  parts  of  the  object  are  trans* 
parent. 

According  to  one  view,  the  exposure  reduces  certain  portions  of  the 
bromide  to  a  sub-bromide,  perhaps  Ag^Br,  which  is  more  ejwily  reduced 
than  silver  bromide,  and  is  consequently  first  attacked  by  the  developer. 
The  first  particles  of  fi'ee  silver  then  interact  with  neighboring  mole- 
cules of  AgBr,  giving  more  Ag,Br.  Thus  the  reduction  proceeds  exten- 
sively wherever  AgjBr  is  found  and  in  proportion  to  its  amount.  The 
gelatine  is  the  sensitizing  substance,  and  promote.i  the  dissociation  of 
the  silver  bromide  (2AgBr  ;z*  AgjBr-f-  Br),  which  is  a  reversible  action, 
by  combining  with  the  bromiue.     Potassium  bromide,  when  added  to 
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the  developer,  restrains  tlie  development,  probably  by  rendering  the 
silver  bromide  less  soluble  i^cf,  p.  5 S3). 

The  siinplest  developer  is  potaasiuni-ferroiis  oxalate  K,.Fe(CjO|)j, 
a  solution  of  which  may  te  made  by  mixing  ferrous  sulphate  aod 
potsissiuro  oxalate.  For  the  salte  of  simplicity  we  may  regard  the 
action  as  a  reduction  by  means  of  ferrous  oxalate,  which  itself  is 
oxidized  to  fenic  oxalate  (Fe,(Cj04),): 


SFeCp,  +  3Ag,Br  -» Fe,(C,Oj)j  +  FeBr,  +  6Ag. 


of] 
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In  brief,  we  have  3Fe"  becoming  2Fe"'  +  Fe'",  and  this  amount 
bivalent  iron  therefore  takes  up  3Br,  liberating  the  silver  with  which 
it  was  combined.     Other  develoiwrs  commonly  employed  are  alkaline 
solutions  of  the  sodium  salts  of  hydroquinone  and  )iyrogalIie  aeid. 

In  printing,  the  light  and  dark  are  again  reveraed,  the  denser  part^ 
of  the  negative  protecting  the  compounds  on  the  paper  below  it  from 
action,  and  leaving  them  white.  Either  "bromide"  pa|>ers,  which  require 
only  brief  exposure  and  are  developed  like  the  plate,  are  iised,  or  silver 
chloride  is  the  sensitive  substanc^e,  and  prolonged  exposure  to  light  is 
allowed  to  liberate  the  proper  amount  of  silver.  The  oiieration  of 
fixing  is  performeil  as  before.  In  toning,  a  solution  of  sodium  chlor- 
iiurate  is  employed.  A  jiortion  of  the  silver  dissolves,  displacing  gold 
(p.  362),  which  is  deposited  in  its  place : 

NaAuCl^  +  3Ag  -^  KaCl  +  3AgCl  +  Au. 

The  thin  fihn  of  gold  gives  a  richer  color  to  the  print.     In  platinum 
toning,  potaasiiun  chlorophitinite  Kjl'tUI,  is  similarly  used. 

Many  other  actions  are  utilized  Lq  photography.  Tlius,  ferric 
oxalate  is  reduced  by  light  to  feri'ona  oxalate :  Fe.j(('30,),  —  2Fe( ',( '« 
+  2<;(*j.  When  pajier  Cfxit^'d  with  a  solution  of  the  former,  or  a 
mixture  of  ferric  chloride  and  animoniiuu  oxalate,  is  used  for  ]»rintiiig, 
the  pale-yellow  ferric  salt  loses  its  rrolor  where  it  has  Iteeti  turned  intj> 
the  fcrroiLS  salt.  If  the  paper  is  then  dipi^d  iu  a  solution  of  ferri- 
cyanide  of  iiotassium  K,.Fe(CN)j  the  ferrous  salt  precipitates  the 
insohible  and  deei>blue  ferrous  ferricyanide  Fe,[Fe(CN)Ji,  while  tlie 
unchanged  ferric  salt  simply  gives  a  soluble  brown  substance,  which 
can  be  washed  out.  For  regular  blue  print»,  ammonium-ferric  citrate  is 
employed  inste;id  of  the  oxalate.  If  the  above  pafK'r,  after  printing, 
is  dipped  in  potassium  chloroplatinite  (or  has  been  coated  with  this 
salt  at  the  same  time  that  it  received  the  ferric  oxalate),  and  is  then 
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(li^jpt^d  iu  potassiiuu  oxalate  solution,  tlie  latter  dissolves  the  insoluble 
t'eiTous  oxalate,  ajid  the  jiotassiujii-fei'rous  oxalate  reduces  the  platiuum 
uompound,  ^ving  a,  platinum  print : 

I        GFeCjO,  +  SKjPtOl,  ->  2Fej(C,0^.  +  2FeCl.  +  3Pt  +  6KC1. 

We  have  already  seen  (p.  484)  that  light  of  short  wave-length  — 
blue  and  violet  — has  the  greatest  effect  ujion  silver  halides.  The 
time,  in  seconds,  required  for  equal  efFeets  is  ajipraximately :  violet 
15,  blue  29,  green  37,  yellow  33tt,  red  600,  Hence  objects  showiog 
to  the  eye  a  variety  of  colors  are  entirely  misrepresented,  as  rugiirds 
the  relative  brightness  of  their  parts,  by  photography.  Now  tJie  im- 
portant fact,  in  this  isonnectiou  is,  that  only  that  part  of  the  light  which 
is  absorbed  in  traversing  the  tilm,  and  not  that  which  ia  scattered  or 
transmitted,  can  be  used  for  chemical  change.  Hence,  dipping  ])late8 
iu  solutions  of  substances  capable  of  absorbing  yellow  and  red  radia- 
tions causes  them  to  absorb  more  of  the  energy  of  these  photographi- 
cjilly  weakest  radiations,  and  to  give  greater  chemical  action  in  response 
to  them.  Tbis  partially  restores  the  balance.  Such  plates  are  called 
ortltocbromatlc,  and  ai'e  ma<le  with  substances  like  eOsiu  or  cyaniue. 

Analytical  Reaetlonit  of  Silver  Compnuntlx.  —  The  ion  of  salts 
of  silver,  argention  Ag',  is  colorless.  Slany  of  its  comiMUiids  are  in- 
soluble, the  precipitation  of  the  chloride,  which  is  insoluble  in  dilute 
acids,  being  used  as  a  test.  Mercurous  chloride  and  lead  chloride  are 
also  white  and  insoluble,  but  silver  chloride  dissolves  in  ammouiimi 
hydroxide,  mercurous  chloride  (y.Jf.)  turns  black,  arid  lead  chloride, 
which  is  also  soluble  in  hot  water,  is  not  altered  iu  color.  With  excess 
of  animoniiim  hydroxide,  silver  salts  give  the  complex  cation 
Ag{NH,),'  and,  from  solutions  containing  silver  in  this  form,  only  the 
iodide  and  sulphide  can  be  precipitated.  Sotliuni  thiosiilphate  and 
potii-ssiura  cyanide  dissolve  all  silver  salts,  giving  aalts  of  complex  acids 
with  silver  in  the  anion  (p.  629).  Zinc  displaces  silver  fram  all  fonna 
of  combination. 

Gold. 

Chemical  Relations  of  the  Element, — This  element  forms 
two  very  incomplete  series  of  compounds  corresponding  resjtectively 
to  aurou.s  and  auric  oxides,  Au,C>  and  Au^O,.  The  former  is  a 
feebly  basic  oxide,  the  latter  mainly  sM^id-forming.     No  simple  salts 
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■with  oxygen  acids  are  stable.  All  the  compounds  of  gold  are  easily 
decomposed  by  heat  with  liberation,  of  the  metal.  All  other  common 
nietsils  di.-^place  jjoUi  from  solutions  of  its  compounds  (p.  362).  Mild 
reducing  agents  likewise  liberate  gold.  The  element  enters  into  many 
complex  anions  (p.  530). 

Occarretice  anti  Metallufgff.  —  Gold  is  found  chiefly  in  the  free 
condition  disseminated  in  veins  of  quartz,  or  mixed  with  alluvial  sand. 
Snjiill  quantities  are  found  also  in  sulphiile  ores  of  iron  and  copper. 
TelUiride  of  gold  (sylvanite),  in  which  silver  takes  the  place  of  part  of 
the  gold  [Au,Ag]Tej*,  is  found  in  (.'olortido.  This  mineral  when 
heated  loses  its  tellui'iuni,  and  gold,  alloyed  with  silver,  remains. 

From  the  alluvial  deposits,  gold  ja  usually  septirated  by  wasliing 
in  a  cradle,  as  in  the  Klondyke,  Qnartis  veins,  which  in  the  Trajisvaal 
Colony  reach  a  thickness  of  a  met*r  and  c;xrry  an  average  of  18  g.  o( 
gold  jier  ton,  are  mined,  and  the  material  is  jiulverized  with  stamping 
maohiuery.  About  55  per  cent  of  the  gold  is  then  separated  by  allowiug 
the  powdered  rock  to  be  carried  by  a  stream  of  water  over  copper  plat^^^ 
amalgamated  with  mercury.  The  gold  dissolves  in  the  latter.  and^H 
secured  liy  reni6%*al  and  distillation  of  the  amalgam.  The  finer  particles 
contained  in  the  sludge  which  runs  off  {"  taiUugs''),  are  extracted  Lyadd- 
iDga  dilute  solution  of  potassium  cyanide  (Mac Arthur-Forest  process) 
and  exposing  the  mixtm'e  to  the  air.  Oxidation  and  simultaneous  inter- 
action witli  tlie  cyanide  give  potaasiiun  aurocyanide.  Hydrogen  j>eroi- 
ide,  which  is  formed  in  many  oxidations  by  free  oxygen,  is  protluced 
also: 

2Au  +  4KCN  +  211,0 -fO,  ^  2KAu(CN),  +  2K0H  +  H,0^ 
2Au  +  4KCN  4-  H„6,  ^  2IvAu(CN)a  +  2K0H. 

Fi-oni  this  solution  the  gold  is  isolated,  either  by  electrolysis,  in 
which  a  plate  of  lead  forms  the  cathode  (and  is  suliseqnently  cupelled, 
Siemens-IIalska  procesa),  or  in  the  form  of  a  purple  powder  by  pre- 
cipitation with  zinc. 

Auriferous  pyrites  is  waahed,  and  then  treated  with  chlorine  gas. 
The  chloride  of  gold  which  is  formed  is  dissolved  out  with  water.     From 

■  Amongst  iiiiuerats,  nuxed  crystals  of  isomorphous  salts  nrc  to  oomnionl;  found 
tliit  formiilie  like  ilie  nbovu  aro  constantly  u*eil  liy  niiueralogiau.  [Au.AgJToi 
Indicates  a  mixture  iu  varying  proportions  of  the  isomorpbout  tellurtdea  AuTe,  And 
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the  soluttoQ,  fche  gold  is  precipitated  with  ferrous  sulphate  or  oxalic 
add : 


k 


2AuCl,  +  6FeS0(  -*  2Fe,(S0^),  +  2FeCl,  +  2Au, 
2AuCl,  +  3H,C,0,-K  6HC1  +  6Ct>,  +  2Au. 


In  the  former  case  a  purple  powder,  and  in  the  latter,  if  the  solution  is 
heated,  a  spongy  mass  (the  form  used  by  dentists),  is  obtained. 

The  gold  separated  from  ores  in  the  al>ove  ways  conteins  silver, 
copper,  lead,  and  other  metak,  ami  various  methods  of  refining,  elee- 
trolytie  and  otherwise,  are  used.  In  one  of  these  the  gold  is  melted, 
and  a  stream  of  chlorine  is  passed  through  it.  The  metala,  excepting 
gold,  are  converted  into  chlorides.  The  cliloride  of  silver  rises  as  a 
liquid  to  the  surface,  while  chlorides  of  arsenic  and  antimony  are  vola- 
tilized. A  layer  of  melted  borax  prevents  loss  of  silver  chloride  by 
volatilization.  The  silver  chloride,  when  it  has  solidified,  is  placed 
between  wrought-iron  plates  and  reducred  by  the  action  of  dilute  sul- 
phuric acid  upon  the  latter. 

The  world's  production  of  gold  during  the  first  half  of  tlie  nine- 
teenth century  averaged  27  tons  annually.  In  1897  it  was  tUi3  tons, 
and  in  1899,  472.6  tons.  In  the  former  year  North  America,  includitij:,' 
Canada,  produced  28.5  per  cent  of  the  whole,  the  Transvaal  t'olony 
23.2  per  cent,  and  Australia  21,2  per  cent. 


Properties  of  the  MetaU  —  Gold  is  yellow  in  color,  and  is  the 
most  malleable  and  ductile  of  all  the  metals.  It  melts  at  1064°.  To 
give  it  greater  hardness  it  is  alloyed  with  copper,  the  j)roportion  of  gold 
being  defined  in  "  carats."  I'urn  gold  is  "  24-t'arat."  British  sovereigns 
are  22-earat  and  contain  ^^  of  copper.  American,  French,  and  German 
coins  are  21.6-carat,  or  90  per  cent  gold.  Silver  takes  the  place  of 
copj;)er  in  Australian  sovereigns. 

Gold  is  not  affected  by  fi'ee  oxygen  or  by  hydrogen  sulphide.  It 
does  not  displace  hydrogen  from  dilute  acids,  nor  does  it  interact  with 
nitric  or  sulphuric  acids  or  any  oxygen  acids  except  selenic  acid.  It 
combines,  however,  with  free  chlorine,  and  it  therefore  interacts  with  a 
mixture  of  nitric  and  hydrochloric  acids  [aqua  regia),  which  gives 
off  this  gas  (p,  448).  Chlorauric  acid  H-AuCl^C  =  HCljAuCl,)  is 
formed,  and  the  action  is  assisted  by  the  fact  that  the  gold  ions  are 
taken  into  the  little-dissociated  anion  AuCl/.  Gold  ia  the  least 
of  the  familiar  metak. 
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CompnundH  with  the  Ilalogena,  —  CUoiavric  acta,  formed  as 
above,  is  deposited  in  yellow,  deliquesoent  crystals  of  H.AuCl^,  4H,0. 
The  yellow  sodium  cldoraarabe  NaAuCl^^ILO,  obtained  by  neutraliu- 
tion  of  tlw  acid,  is  used  iu  pbotoginjiliy  Qi.  ()34).  Tlie  acid  gives  up 
hydrogen  chloride  when  heated  very  gently,  leaving  the  red,  ciystalliiie 
RUTic  chloride  AuCl,.  The  tendency  to  form  complex  compounds  ts 
such,  however,  tliat  when  dissolved  in  water  free  from  hydrucMoric 
acid,  this  salt  gives  Hs,AuCl,0.  Red  crystals  of  HjAuCljO,  L'H,0  are 
depositetl  by  the  solution.  Wlien  auric  chloride  is  heateil  to  ISC 
auiouB  chloride  AuCl  and  chlorine  are  formed.  This  salt  Is  a  white 
jrowder.  It  is  insoluble  in  wiit«r,  but  in  iMjiliiig  water  is  converted 
quickly  into  avu'ic  chloride  and  free  gold  :  3AuCl  — ►  AuC'lj  +  2Au. 
When  potassium  iodide  is  added  to  a  solution  of  chloraiu-ic  acid,  or  to 
sodium  ehloraurate,  the  yellow  aoxous  Iodide  is  precipitated  : 

NaAuCU  +  SKI  -» NaCl  +  Aul  +  I,  +  3KC1. 

The  action  is  like  that  on  cupric  salts  (p.  (>21),  and  for  a  similar  reason, 
namely,  tliat  auric  iodide  is  not  stable. 


Other  CompounttH.  —  When  caustic  alkalies  are  added  to  chlor 
auric  acid,  or  to  sudium  ehloraurate,  aurie  hydroxide  Au(0}I),  is  pre- 
cipitated. This  subalaiice  is  au  acid,  and  iiiU'ritists  witli  excess  of  the 
base,  forming aurates.  These  are  derived  from  met-auric  acid  (Au(UH), 
—  H,0  =  HAuOj),  as,  for  example,  pottissium  aurate  K.AuO,,  3H,0. 
This  salt  interacts  by  double  deeomjiosition,  giving,  for  instiuice.  with 
silver  nitrate,  the  insoluble  silver  salt  AgAuO.„  Its  solution  is  alkidine 
in  reaction,  a  fact  which  shows  that  auric  acid  is  a  weak  acid  (c/.  p. 
344). 

Auric  oxide  AtijO,  is  a  brown,  and  auroui  oxide  Au^O  is  a  violet 
powder.  With  hydrocldoric  acid  the  latter  gives  chlorauric  acid  and 
free  gold. 

On  account  of  its  reducing  action,  hydrogen  sulphide  precipitates 
from  chlorauric  acid  a  dark-brown  mixture  containing  much  aoroiu 
BttJphlde  AUjS  and  free  sulphur,  as  well  as  some  auric  sulphide  Au,.% 
Thesulphide.s  interact  with  alkali  sulphides,  giving  complex  ■ulphattritee 
and  BulphaurateB,  such  ;ia  K,AuS.(  =  ;-!KjS.  Au,jH)  and  KAu85(=:  K,S, 
Au,S,),  which  are  soluble  (p.  537,  and  see  Tin,  Arsenic,  and  Antimony). 

The  aurocyanidea,  like  K.Au(CN)j(=  KftN,  AuCN),  and  the  aixrl- 
oyanides  like  K.Au(CN)4(=  KCN,  Au(^(;>'),),  are  formed  by  the  action 


urn 

fof  potaasium  cyanide  on  auroua  anrl  auric  compounds  respective! 
I      are  colorless  and  soluble.     Theii'  solutions  lu'e  used  as  batt 
junction  witk  a  gold  anode,  for  eleetrogilding. 


Analf/ticnl  lieneHanH  of  Gold,  —  The  metallic  "streak,"  protluced 
by  rubbing  tlie  metal  on  touchstone  (Lydia,n  stone,  a  black  basalt), 
is  not  easily  removed  by  nitric  acid  of  sp.  gr.  1.36  (57.6  i>er  cent). 
In  assaying,  the  materia!  containing  the  gold  is  lieated  with  borax  and 
lead  in  a  small  crueible  (cupel)  of  bone-ash.  The  lead  and  copper  are 
oxidized,  and  the  oxides  are  absorbed,  by  the  cupel,  leaving  a  drop  of 
molten  alloy  of  gold  and  silver.  The  cold  button  is  flattened  by  ham- 
mering and  rolling,  and  treated  with  nitric  acid  to  remove  the  silver. 
The  gold,  which  remains  unattacked,  is  washed,  fused  again,  and 
weighed.  The  acid  will  not  interact  with  tlie  silver  and  remove  it 
completely  if  the  quantity  of  gold  exceeds  26  per  cent.  When  the 
proportion  of  gold  is  greater  than  this,  a  suitable  amount  of  pure  silver 
is  fused  with  the  alloy  {"  quartation  "). 


Exerciaen,  —  1.  How  much  copper  will  be  deposited  per  hoiu-  on 
each  sq.  cm.  of  an  electrwle  uniuersed  in  cupric  sulphate  solution  when 
the  current  density  is  {  ampere  per  sq.  cm.  (p.  323)  ?  How  much 
copper  would  be  obtained  under  tbe  same  conditions  from  a  cuprous 
salt? 

2.  Write  equations  for  the  interactions  (n)  of  salt  water  and  oxygen 
with  copper  (p.  018),  (ft)  of  feiTOus  oxide  and  sand  (p.  017),  ('')of  ver- 
digris, Eiraenious  acid,  and  acetic  acid  (p.  624). 

3.  ^Vrite  the  formulje  of  the  basic  chloride,  nitrate,  carbonates,  and 
sulphate  of  copper  as  if  these  substances  were  composed  of  the  normal 
salt,  the  oxide  and  water  (p.  618). 

4.  Wliat  may  be  the  formula  of  the  compound  of  cupric  hydroxide 
and  sodium  tartrate  (p.  623)  ? 

5.  Can  you  develop  any  relation  between  the  facta  that  solutions 
of  cupric  salts  are  acid  in  reaction  and  that  they  give  basic  carbonates 
by  precipitation  ? 

6.  Formulate  the  action  of  potassium  cyanide  in  dissolving  cupric 
hydroxide  and  cuprous  sulphide,  assuming  that  potassium  cupro- 
cyanide  is  formed. 

7.  How  should  you  set  about  making  cupric  orthophosphate  (in 
solution),  ammonium  cuprocyanide,  and  lead  cuprocyauide  ? 
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8.  Write  the  formulae  of  some  of  the  double  salts  analogous  to 
potassium-cupric  sulphate  (p.  625). 

9.  What  chemical  agents  are  present  in  a  Bunsen  flame  ?  If  borax 
beads  were  made  in  the  oxidizing  flame  with  cupric  chloride,  cuprous 
bromide,  and  cupric  sulphate,  severally,  what  actions  would  take 
place? 

10.  If  the  solubility  ratio  of  silver  in  zinc  and  in  lead  were  1000: 
1,  and  2  per  cent  of  zinc  were  used,  what  proportion  of  the  total  silver 
would  be  secured  by  Parke's  method? 

11.  Which  is  more  stable,  silver  sulphate  or  cupric  sulphate,  silver 
nitrate  or  cupric  nitrate?  To  what  salts  are  the  silver  compounds  in 
this  respect  more  closely  allied  ? 

12.  Write  the  equations  for  the  interaction  of  (a)  silver  and  con- 
centrated sulphuric  acid,  (6)  silver  chloride  and  sodium  carbonate 
when  heated  strongly,  (c)  sodium  thiosulphate  and  silver  bromide,  (d) 
potassium  ferricyanide  and  ferrous  oxalate. 

13.  What  reagents  should  you  use  to  precipitate  the  phosphate, 
arsenate,  and  chromate  of  silver  ? 

14.  Write  the  equations  for  the  interactions  of  (a)  gold  and  selenic 
acid,  in  which  selenious  acid  is  formed,  {b)  potassium  hydroxide  and 
auric  hydroxide,  (c)  potassium  cyanide  and  sodium  chloraurate. 

15.  In  what  respects  are  the  elements  of  this  family  distinctly 
metallic,  and  in  what  respects  are  they  allied  to  the  non-metals  (p.  533)  ? 

16.  Collect  all  the  evidence  tending  to  show  that  the  cuprous  com- 
pounds are  more  stable  than  the  cupric. 

17.  Describe  in  terms  of  the  categories  used  by  the  phase  rule  the 
systems  (a)  cupric  nitrate  and  water  at  24.5°  and  (6)  silver  iodide  at 
146°. 

18.  Make  a  classified  list  of  the  methods  by  which  cupric  com- 
pounds are  transformed  into  cuprous,  and  vice  versa. 
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F  OLUCINUM,    MAGNESIUM,      ZINC,    CADMIUM,     MBR  CUR'S'. 

^^  THE  RBCOONITION  OP    CATIONS  IN   QUALITATIVE 

^^  ANALTBIS 

^K  The  Ch^mlcttl  Meltttioutt  of  the  Famili/-  —  The  remaining  ele- 
meuta  of  tlie  third  eoluiim  of  the  jiariodii^  t^ible,  namely,  glufiimiiii  cir 
beryllium (Gl,  or  Be,  at,  wt.  9.1),  magnesium  {Mg,  at.  wt.  24.36),  ziui:  (Zii, 
at.  n't.  65.4),  cadmium  (Ccl,  at.  wt.  1 12.4), and  luereury  (Hg,  at.  wt.  200.0), 
although  all  bivalent,  do  not  form  a  cuhereiit  family.  Glucinum  and 
magnesium  resemble  zinc  and  cadmium,  and  differ  from  tlie  calcium 
family,  in  that  the  sulphates  are  siduble,  the  hydroxides  easily  Iosp 
water  leaving  the  oxides,  the  chlorides  are  comparatively  volatile,  and 
the  metals  are  not  rapidly  rusted  in  the  air  and  do  not  easily  displace 
hydrogen  from  water.  They  resemble  the  calcium  family,  atid  differ 
from  zinc  and  cadmium,  in  that  the  sulphides  are  hydrolyzed  by  water, 
the  oxides  are  not  reduced  by  heating  with  carbon,  complex  eatiuus  are 
not  formed  with  ammonia,  and  the  metals  do  not  enter  into  complex 
anions.  Hut  glucinum  dilTcrs  from  magnesium  and  resembles  zinc  in 
that  its  hydroxide  is  acidic  iis  well  as  basic.  This  is  not  imnatui-al, 
since  in  the  periodic  system  it  lies  between  lithium,  a  metal,  and 
boron,  a  non-metal.  Mercury  is  the  only  membtT  of  the  group  that  forms 
two  series  of  compounds.  These  are  derived  (p.  278)  from  the  oxides 
HgO  and  IIg,0.  Mercuiy  approaches  the  noble  metals  in  the  ease 
with  which  its  oxide  is  decomposed  by  heating,  and  in  the  position  of 
the  free  element  in  the  electromotive  series. 

The  vapor  densities  of  zinc,  cailmium,  and  mercury  show  the 
vapors  of  these  three  metals  to  be  monatomic. 

The  compounds  of  the  metals  of  this  family  give  no  color  to  the 
borax  bead. 

Glucinum. 

Chemteat  Melattons  of  the  U/emcM/.^Glucinum  for  bervUium) 
is  bivalent  in  all  its  compounds.     Its  oxide  and  h^  <ic, 

and  are  also  feebly  acidic  towards  active  1 
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On  account  of  this  fact  and  the  extreme  ease  with  which  its  carbonate 
gives  up  carbon  dioxiile,  in  both  of  whi(:h  res|jects  it  resembles  alu- 
miuium,  it  waa  fii'St  thought  to  be  trivaleiit.  This  niatle  its  atomic 
weight  13.6,  the  aniouiit  cotiibiniag  with  one  chemical  uuit  of  chlorine 
being  4.65.  In  the  ["(eriodic  system,  however,  there  was  a  spac^e  for  a 
bivalent  element  with  the  atomic  weight  9.1  (=  2  x  4.55)  between 
lithium  and  bomn,  and  none  for  a  trivalent  element.  Later  (1884) 
Nilson  and  Pettersson  determineti  the  vajior  density  of  the  chloride  ami 
of  certain  organic  coiaireunds  of  the  element,  and  found  only  9.1  parts 
of  gluciuuin  in  the  molar  weights  of  the  compounds.  The  eleiaent 
derives  its  name  from  the  sweet  taste  of  its  salts  (Gk.  yAuKvs,  sweet). 

The  Metal  and  Uh  Cotnpoundx,  —  Glucinura  occurs  in  beryl,  a 
metasUicate  of  gluoinum  and  ahimiuium  AljGl.j(SiO,)g.  Specimens  of 
beryl  tijited  green  by  the  presence  of  a  little  silicate  of  cliromium  are 
known  as  emeralds.  The  metal  may  be  obtained  by  electrolysis  of 
the  easily  fusible  double  fltioride  GIF,,  2KF,  In  powdered  form  it 
burns  when  heated  in  the  air.  It  displaces  hydrogen  from  cold,  dilute 
acids,  and  also,  when  heated,  from  c^ntstic  potash ; 

Gl  +  2K0H  -»  K^GIO,  +  H,. 

The  oxide  interacts  with  acids  and  with  ationg  bases.     The  salts  giire 

no  color  to  the  Bunsen  flame. 

Magnimium. 

Chemical  Rfl^itUniM  of  the  Element,  — Magnesium  is  bivalent 
in  all  its  compounds.  The  oxide  and  hydroxide  are  basic  e.xclusively. 
The  element  does  not  enter  into  complex  cations  or  anions. 

ftceufrettce.  —  Maj^'iiesiiuu  carbonate  occurs  alone  as  magnesite. 
and  in  a  double  salt  with  calciiuu  carbonato  MgCO„CaCO,  as  dolomite. 
The  sulphate  and  chloride  are  found  as  hydratt's  and  as  constituents 
of  double  salt.i  (see  below)  in  the  Staasfurt  deposits,  Sibcutes  are 
also  common.  Oli  vine  ia  the  orthosilicate  Mg.SiOj,  Serpentine  is  a 
hydrated  disilicate,  [Mg,Fe],,Si,0,,  'iHjO,  as  is  also  meerscbaiuu,  and 
asbestos  is  an  anliydi'ons  silicate.  The  element  derives  it«  name  from 
Magnesia,  a  town  in  Asia  Minor. 

The  Metal.  —  Magnesium  is  manufactured  by  electrolysis  nf  de- 
h/drat*'d   and   fused  cai'naUite  MgClj,KCl,  6H4O.     The  iron  cnioiUe 
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r  in  which  the  material  is  melted  forms  the  cathode,  oiid  a  nxl  of  curltun 
^B  the  anode.  The  metal  is  silver-white,  and  when  heated  etin  In*  jiri'ssmi 
^Hinto  wire  and  rolled  intfl  riblwn.  Commercial  speuimeuN  uC  tlie  Itittur 
^B  often  contain  zinc. 
^W  Chemically  the  metal  ia  less  at^tive  than  are  the  metal.H  of  the  iilkii- 
[  line  earths.  It  slowly  becomes  coated  with  a  layer  of  the  oxide.  It 
^^ displaces  hydrogen  from  boiling  water  and,  of  conrm^,  from  cold,  dilute 
^V  acids.  JIagnesium  burns  in  air  with  u  wbiUi  light,  rich  in  niy»  of 
"  short  wave-length  such  as  act  upon  photographic  plates  (j).  -loS).  The 
ah  contains  the  nitride  Mg^j,  as  well  as  the  oxidi'.  Tlie  prcHcnce 
at  the  former  may  Ih^  shown  by  the  evolution  of  annnonia  when  tiju 
[-white  powder  is  toiled  with  water  {p.  4 IT).  When  the  mutJil  is  lioated 
with  tlie  oxides  of  Wiron,  of  silicon,  and  of  many  of  thi'  nichils,  it  com- 
bines with  the  oxygen  and  liberate.<i  the  otlier  elemeuL 

Powdered  magnesium  is  used  in  jiyrot^pchuy,  and,  wiih  |)otiiMsiujH 
chlorate  (10;  17),  in  making  flash-light  ])uwdcr  fur  use  in  [diotography. 
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Mngnenium  Chloride.  —  This  salt  ooours  in  salt  di'p(initn  lut  the 
hexahydrate  AIgCL,(;H,/l,  a  highly  deliiiuescentcomiRUind  obtaint'd  alwo 
by  ev.iporating  an  a<iueous  solution,  and  iis  carnallite  Mgf'l^,  Kf.'l,  <JII,(). 
The  latter  is  an  imi)ortant  source  of  [>otJ(st»ium  chloride  (p.  Cfil),  and 
almtKit  all  the  magnesium  chloride  combined  with  it  is  throwri  away. 
IVhen  the  hexahydrate  is  heated,  a  part  of  the  chloride  \»  liydrolyzod, 
some  magnesium  oxide  remain itig,  and  .•sorae  hydroj^eu  cdloridc  lieing 
given  oif.  Sea-water  cannot  be  used  in  ahijta'  Iwilers  becaus"?  of  the 
hydrochloric  acid  liberated  by  the  niagnesium  chloride  which  the  water 
contains.  The  salt  forms  a  double  chloride  with  ammonium  cldoridi* 
Mg(.'lj,NHjCl,6H,0  which  is  isomorphous  with  carnallit*r,  and  tfjis  wait 
can  be  dehydrated  without  hydrolysis  of  the  chloride.  Artt^rwurdit 
the  ammonium  chloride  can  be  volatilized  (p.  421).  To  utilize  natural 
m^Tiesium  chloride,  the  manufacture  of  chlorine  fnvm  it,  by  paHsing 
air  and  steam  over  the  salt  at  a  high  teoijjerature,  has  been  attempted  : 

4MgCl,  +  2H,0  +  O,  -»  4Mg<J  +  4IIC1  +  2C1^ 

The  Oxide  and  Ifjfdroxide. -—Magneaiura  oxide  i«  raad«  by 
heating  the  carlnnate,  and  is  known  aa  "  calcined  magnesia."  It  ia  a 
white,  highly  infusible  powder,  and  is  used  for  liuing  electric  furua^efl 
and  making  cmcibles.  It  combines  slowly  with  water  to  form  the 
hydroxide. 
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The  hydroxide  is  found  in  nature  as  brucite.  It  is  also  precipi- 
tated from  solutions  of  magnesium  salts  by  alkalies.  It  is  very 
slightly  soluble  in  water,  mueh  less  so  than  calcium  hydroxide,  but 
more  bo  than  are  the  hydroxides  of  zinc  and  the  other  heavy  metals. 
The  solution  has  a  barely  perceptible  alkaline  reaction. 

Magnesium  hydroxide  is  not  precipitated  by  ammonium  hydroxide 
when  ammonium  salts  are  present  also.  The  ammonium  salts,  being 
highly  ionized  and  giving  a  high  ooncentration  of  ammouion  NH,",  re- 
press the  ionization  of  the  feebly  ionized  ammonium  hydroxide,  and  so 
reduce  the  concentration  of  hydroxidion  which  it  furnishes.  With  the 
ordinary  concentration  of  Slg",  therefore,  the  amount  of  hydroxidion 
existing  in  presence  of  excess  of  a  salt  of  aiuiuoniuia  is  too  small  to 
bring  the  solubility  product  [Mg"]  x  [OH']*  up  to  the  value  required 
for  precipitation.  (Conversely,  magnesium  hydroxide  interacts  with 
solutions  of  ammonium  salts  and  passes  into  solution  ; 

Mg(OH),  (solid)  ^  Mg(OH),  (diss'd)  p±  Mg"4-  20H'  }  _^ 

L'NH^Cl  ;=•  2C1'+  2NH/  S  ^  '"^^^^  "' 

In  presence  of  excess  of  ammonium  chloride,  the  OH'  combines  with 
NH^to  form  molecular  ammonium  hydroxide,  and  the  equilibria  in  the 
uinier  line  are  dis]daced  forward.-j  to  generate  a  fiuther  supply  of  the 
former.  With  sufficiently  great  coiicentration  of  the  ammonium  chloride, 
all  the  magnesium  hydroxide  may  thus  dissolve  ;  with  only  a  small  excess 
a  condition  of  equilibrium  with  solid  maguesium  hydroxide  is  reached. 
The  whole  case  is  analogous  to  the  interaction  of  acids  with  insoluble 
Hiflts  (p,  598).  Magnesium  oj-hfn  also  dissolves  in  salts  of  ammonium. 
It  gives  first  the  hydroxide  by  interactiou  with  the  water. 

Magneitium  Cnrbttnatv,  —  The  normal  carbonate  is  found  in  nature. 
Only  hydrated  //asii-  c:u'l>oiiates  are  foi'med  by  precipitation,  and  their 
oomposition  varies  with  the  conditions.  The  carlwnate  manufactured  in 
large  amounts  and  sold  ka  mnijuesia  alba  is  approximately  Mg,(OH)j 
(CO,),.  SHjO.  The  carbonates  are  not  precipitated  in  the  presence  of 
ammonium  salts,  and  interact  with  such  salts  in  the  same  way  as  does 
the  hydroxide. 

Mitgnefilum  Snlphate-  —  The  common  heptahydrate  MgSO,,  711,0 

crystallizes  from  cold  water  inrhombJc  prisms,  and  is  called  Epsom  salts. 
At  (F  a  dmlecahydrate  appears.  The  heptahydrate  is  efflorescent,  and 
loses  its  water  b^-  stages  and  with  decreasing  aqueous  tension.    The  mono- 
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hydrate,  found  in  the  sa.lt  layers  as  kieserite  MgSOj,KiO,  has  a  very- 
low  aqueous  teusion,  and  is  not  rapidly  dehydrated  except  above  200°. 
The  hepta-  and  monohydi'ates  present  a  striking  case  of  difference  in 
solubility  in  two  forms  of  one  salt,  the  former  giving  at  15°  a  solution 
containing  33.8  g.  of  the  sulphate  in  100  g.  of  w^ter,  while  the  latter 
is  almost  insoluble.  Magnesium  sulphate  is  used  in  the  manufacture 
of  sodium  and  potassium  sulphates,  and  is  employed  also  for  "loading" 
cotton  goods,  and  as  a  purgative. 

Mnffne»lum  SttlphMe.  —  The  sulphide  may  be  formed  by  heating 
the  metal  with  sulphur.  It  is  insoluble  in  water,  but  is  decomposed 
and  gives,  finally,  hydrogen  sulphide  and  maguesium  hydroxide  t 

2MgS  4-  2H,0  1=  Mg(SH),  +  Mg(OH)„ 
Mg(SH),  +  I'H^O  ^  Mg(OH},  i:  +  2H,S. 

The  hydrolysis  is  more  complete  than  in  the  case  of  calciujn  sulphide, 
and  eliminates  all  the  hydrogen  sulphide,  because  magnesium  hydrox- 
ide is  much  more  insoluble  than  calcium  hydroxide,  and  so  there  is 
little  reverse  interaction  tending  to  reproduce  the  soluble  hydro- 
sulphide  MgCSH),. 

PhoKphat€»  of  Ma^neHum. —  The  only  phosphate  of  itnportance 
is  amraoniuni-magnesium  orthophusphate  NHjMgPO^.tilljU,  which 
appears  as  a  crystalline  precipitate  when  s'odium  phosphate  and 
ammonium  hydroxide  are  mixed  with  a  solution  of  a  magnesium  salt. 
This  compound  is  insoluble  in  water  containing  amiDouiuia  hydroxide, 
and  is  used  in  quantitative  analysis  for  estimating  both  magnesium 
and  phosphoric  acid.  Before  being  weighed  the  precipitate  is  ignited, 
and  is  thus  converted  into  the  anhydrous  pyrophosphate  of  magnesium 
MgjPjO,.  The  salt  NH,MgAaO„6HjO  has  similar  properties,  and  ifl 
used  for  estimating  arsenic  acid. 

Attalf/tical  Beactlons  of  Magnegtum  Compouttdft.  —  The  mag- 
nesium ion  is  colorless  and  bivalent.  It  does  not  enter  into  complex 
ions.  Soluble  carbonates  precipitate  basic  carbonates  of  magnesium, 
but  not  when  ammonium  salts  are  present.  The  latter  limitation  dis- 
tinguishes compounds  of  magnesium  from  those  of  the  calcium  family. 
Potassium  hydroxide  precipitates  the  hydroxide  of  magnesium,  except 
when  salts  of  ammonium  are  present.  The  mixed  phosphate  of  ammo- 
nium and  nif^nesium,  in  presence  of  ammomutn  hydroxide,  is  the 
least  soluble  salt. 


Chemical  Selationti  of  the  Elemetit.  —  Zinc  is  bivalent  in  all  its 
compounds.  Of  tht'.ie  there  are  two  sets,  —  the  more  numerous  and 
imiiortaut  one  in  whieli  zinc  is  the  positive  radical  (Zn.SO„  Zn.Clj, 
etc.),  ami  a  less  iiulneroiis  set,  the  zincatea,  in  which  zinc  is  in  the 
negative  railical  (N%.ZnOj,  etc.).  Both  seta  of  salts  are  hydrolyzed  by 
wat«r,  as  the  liydroxide  is  feeble  whether  it  is  considered  as  an  acid  or 
aa  a  base.  The  elejiient  also  enters  into  oomplex  cations  and  anioiu. 
The  salts  are  all  poisonous. 


Occurrence  atul  Ejctrnction  from  the  Ore»,  —  The  chief  sources 
of  zinc  are  fulaiuine  or  smithsouite  ZnCO,,  zinc-blende  (Ger.  blendtn, 
to  dazzle)  or  sphalerite  ZuS,  frankliuite  7jn(V(iO^^  and  zincite  ZnO. 
The  red  color  of  the  last  ia  due  to  the  presence  of  manganese. 

The  ores  are  first  converted  into  o'xide  —  the  carbonate  by  ignition, 
and  the  sulphide  by  roasting.  The  sulphur  dioxide  is  used  to  make 
sulphuric  acid.  A  mixture  of  the  oxide  with  coal  is  then  distilled  in 
earthenware  retorts  at  1300-1400°,  tlie  zuic  condensing  in  earthen wate 
receivers,  while  carbon  monoxide  burns  at  a  small  opening : 

2ZnS  +  30j  -*  2Zn(^)  +  280^ 

ZnO  +  C  -.  CO  +  Zn. 
At  first  zinc  dnst,  a  mixture  of  zinc  and  zinc  oxide,  collects  in  the 
receiver,  and  afterwards  liquid  zinc.  The  product,  which  is  cast  in 
bl(.x/ks,  is  called  spelter.  It  contains  small  amounts  of  lead,  arsenic, 
iron,  and  cadmium,  because  the  sulphides  of  these  metals  are  almost 
invariably  present  in  zinc-blende. 


or     I 


m 


Propertien  and  Uiies  of  the  Metal, —  Zinc  is  a  bliiish-wtite 
crystalline  metal.  When  cold  it  is  brittle,  but  at  120-150°  it  can  be 
rolled  into  sheets  between  heated  rollers  and  then  retains  its  pliability 
when  cold.  At  200-,S00°  the  metal  becomes  once  more  brittle,  at  433° 
it  melts,  and  at  920°  it  Iwils.  The  vapor  density  at  1740"  is  2.64,  and 
the  molecidar  weight,  therefore,  2.G4  X  28,955  (p.  215)  or  7C.4. 
The  gas  is  thus  monatomie. 

The  metol  burns  in  air  with  a  bluish  flame,  giving  zinc  oxide. 
Wlien  cold  it  is  not  affected  by  dry  air,  but  in  moist  air  it  is  oxidised, 
and  lieeomes  covered  with  a  firmly  adhering  layer  of  basic  carlxinate 
which  protects  it  from  further  action.  The  metal  displaceajfjidrflgen 
from  dilute  acids,  but  with  pure  Bpecimeus  tlie  action  almost  ceases  in 
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consequence  of  the  formati(»i  of  a  layer  of  iiondeuseU  hyJix^u  vxn  the 
surface.  Contact  with  a  less  eleetro-positive  metal,  suoh  as  loavl,  ii-ou, 
copper,  or  platinum,  enaUeti  the  aotiou  to  go  on,  bei^use  the  hyUi-ogeu 
is  then  liberated  at  the  surface  of  the  other  metal  (see  Klontrtuiiotive 
chemistry).  Crude  lino  contains  lead  and  iron  and  is  theretwe  uuvre 
active  than  pure  zino.  Ziuo  also  attacks  boiling  alkalies,  giving  the 
soluble  zincate  (see  below) :  2K0H  +  Zn  — »K,ZnO,  +  II,.  The  aotiuit 
on  ammonium  hydroxide  is  slower  and  diffeitMit  in  nature : 

Zn  +  2NH,0H  +  2NH,-»  Zn(NH,)«.(OH),+  ll„ 

a  complex  cation  being  formed. 

Sheet  zinc,  in  consequence  of  its  lightness  (hj).  gr.  7),  is  used  in 
preference  to  lead  (sp.  gr.  11.5)  for  roofs,  gutters,  and  architet^tiuiil 
ornaments.  Galvanized  iron  is  made  by  dipping  cleaned  sheet  iitni  in 
molten  zinc.  The  latter,  being  more  active  (p.  8(12),  is  rusted  instewl 
of  the  iron.  Zino  is  used  also  in  batteries  and  fur  niukiug  ulUiys 
(p.  619).  It  mixes  in  all  proportions  with  tin,  copper,  and  untiincmy, 
but  with  lead  (p.  627)  and  with  bismuth  sepurution  into  two  hiyers 
occurs,  each  metal  dissolving  only  a  little  of  the  oilier.  'I'he  two 
different  modes  of  behavior  resemble  those  of  alcohol  and  water 
(p.  136)  and  ether  and  water  (p.  147)  rosiKJotively. 

Zinc  Chlartde. — This  salt  is  usually  manufiuitiired  by  treating 
zinc  with  excess  of  hydrochloric  acid,  evu|)orating  tlie  solution  to  dry- 
ness, and  fusing  the  residue.  When  hydrochloric  acid  is  tluis  present, 
the  chloride  ZnCl,  is  obtained.  Evaporation  of  the  pure  aqueous  solu- 
tion, which  is  acid  in  reaction,  results  in  (Musiderable  iiydrolysis  and 
formation  of  much  of  the  basic  chloride  Zn,<JCl, : 

ZnCl,  +  H,0  jz±  HCl  -f  Zn(()  » )C1,  ( 1 ) 

2Zn(0H)Cl  -♦  Zn/)C1,  +  IV>.  (2) 

The  salt  is  used  in  solid  form  a»  a  caustic  and,  by  injection  of  a  s<du- 
tion  into  wood  (e.ff.,  railway  sleepers),  as  a  i>oisou  to  prevent  tlie 
growth  of  organisms  which  promote  decay.  In  both  cases  tlie  salt  com- 
bines with  albumins,  forming  solid  products.  The  aqueous  solution, 
being  acid,  is  employed  also  for  dissolving  the  oxides  from  surfaces 
which  are  to  be  soldered.  The  acid  is  reproduced  by  hydrolysis  as  fast 
as  it  is  used,  and  finally  the  oxycbloride  remains  (equatiou  1  above). 
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Zinc  Oxide  and  Hffdrojriae  and  the  Zincates.  —  The  oxide  is  ob- 
tained as  a  white  jjowder  bj-  bumiog  ziuc  or  by  heating  the  precipitated 
basic  cfU'bonates,  It  turns  yellow  when  heated,  recovering  its  white- 
neas  when  cold,  in  the  same  way  that  mercuric  oxide  is  brown  whilst 
hot  and  bright  red  when  cold.  It  ia  employed  in  making  a  paint  — 
zinc-white  or  I'hinese  white  —  which  is  not  darkened  by  hydrogen 
snlphide.  For  tilling  teeth,  deutists  sometimes  use  a  paste  made  by 
mixing  the  oxide  with  a  strong  solution  oi'  zinc  chloride.  It  quickly 
sets  to  ii  batd  maaa  of  oxychloride. 

The  bydrozlde  of  zinc  appeaiu  as  a  white,  flocculent  solid  when 
alkalies  are  added  to  solutions  of  zinc  salts.  It  interacts  as  a  hasic 
hydroxide  with  acids,  giving  salts  of  zinc  : 

Zu(OH),  +  H,SOj  i^  Zn.SOj  +  2H,0.  * 

It  also  intera(!ts  with  excess  of  the  alkali  employed  to  precipitate  it, 
giving  a  Soluble  ziuoate: 

Ii,ZnO,  t  +  2K0H  ^  K^.ZnO,  +  2H,0. 

Roth  actions  are  revereible,  and  the  second  requires  a  cousiderable 
excess  of  alkali  for  its  coinpletion  :  in  fact,  moat  of  the  zinc  hydroxide 
seems  to  be  simply  in  colloidal  solution.  From  a  consideration  of  these 
facts  it  is  evident  that  zinc  hydroxide  when  in  solution  is  ionized  both 
as  au  acid  and  as  a  base : 

2H*  +  ZnCV'fi  Zn(OH),  (diss'd)  ^  Zn"-h  20H' 

it 
Zn(OH),  (sohd) 

The  ionization  as  an  acid  is  less  than  that  a^  a  base,  but  both  are 
small.  Addition  of  an  acid  like  sulphuric  add,  however,  furnishes 
hydrion  ;  the  hydroxyl  ions  combine  with  this  to  form  water,  and  all 
t!i6  equilibria  are  displaced  to  the  right.  With  a  base,  on  the  other 
baiul,  the  hydrion  is  removed  and  the  basic  ionization  simultaneously 
repi-eas'id,  so  that  the  equilibria  are  displaced  to  the  left. 

Zinc  hydroxide  interacts  with  ammonium  hydroxide,  giving  a  soluble 
complex  compound  with  ammonia  ZM{NH,)4.(0H)r  The  case  is  like 
those  of  copper  (p.  623)  and  silver  hydroxides  (p.  631),  and  not  like 
that  uf  magnesium  hydroxide  (p.  644). 

Compounds  of  zinc,  when  heated  in  the  Bunsen  flame  with  a  salt 
of  cobalt,  gives  a  zincate  of  cote.lt  (Kiumann'a  green)  CoZnO, 
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Hydrogen  sulphide  precipitates  zinc  sulphide  from  solutions  ot 
zincates  and  from  solutions  containing  ammonia,  so  that  some  zinc 
ions  Zn"  are  present  in  both. 

Carbonate  of  Zinc,  —  The  normal  zinc  carbonate  may  be  precipi- 
tated by  means  of  sodium  bicarbonate  : 

ZnSO,  +  2NaHC0,  -♦  Na,80,  +  ZnCO,  +  11,0  +  CO^ 

The  normal  carbonate  of  sodium,  however,  gives  basic  carbonates, 
which,  as  in  tlie  case  of  magnesium  (p.  644),  vary  in  composition 
according  to  the  conditions. 

Zine  Sulphate— This  salt  is  fonned  when  zinp4)li?nde  is  roasted. 
It  gives  rhombic  crystals  of  the  hydrate  ZnS*!*,,  TH^O.  This,  and  the 
corresponding  compounds  of  magnesium  MgStt^,  rKjO,  of  iron  FeSO„ 
7H,0,  and  of  several  other  bivalent  metals,  are  all  iaotaorphous,  and  are 
known  as  vitriola.  The  zinc  salt  is  white  vitriol.  Like  Epsom  salts, 
it  is  dehydrated  by  stages,  the  last  molecule  of  water  being  difficult  to 
remove.  It  is  used  in  cotton-printing  and  as  an  eye-wash  (J  per  cent 
solution). 

The  salt  gives  double  salts  with  potassium  and  ammonium  sulphate,  of 
the  form  ZuSO„Iv,jSO,,(iHjO,  which  crystallize  in  the  monosyiu  metric 
system,  and  are  isomorphoua  with  each  otht^r,  and  with  double  salts 
eontaiuing  cop]>cr  (p.  ()25),  mCTuury  (Hg"),  iron  (Fe"),  magnesium,  and 
other  bivalent  elements  in  place  of  the  zinc.  These  compounds,  unlike 
the  complex  cyanides,  are  ahiiost  completely  decomposed  in  dilute 
aoUitJon  (cf.  p.  637). 

Zinc  Sutphitle.  —  This  compound  is  the  only  familiar  sulphide 
which  is  white.  The  yellow  color  of  zinc-blende  is  cau.sed  by  the 
presence  of  sulphide  of  iron.  Zinc,  sulphide  is  more  soluble  in  water 
than  is  sulphide  of  copper,  and  hence  it  interacts  with  excess  of  strong 
acids,  and  passes  into  solution.  It  is  not  soluble  enough,  however,  to 
be  much  affected  by  weak  acids  like  acetic  acid.  This  sort  of  beliavior 
is  shown  also  by  calcium  oxalate  (p.  598),  and  was  discussed  fully  in  that 
connection.  Zinc  sulphide  is  tints  capable  of  being  precipitated  when 
acetic  acid  is  present,  or  when  hydrogen  sulphide  is  led  into  a  solution 
of  the  acetate  of  zino : 


k. 


Zn(CiH,0,)i  +  H,S  i=!  ZnS  J  -i-  2HCjH,0» 


k 
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But  wheE  an  active  acid  is  present,  or  is  fni'uied  during  the  operation, 
the  sulphide  is  precipitated  iucompletely  or  uot  at  all,  the  action  being 
highly  reversible : 

ZnSOj  +  HjS  ^  ZnS  +  HjSO,. 

Thei'e  are  thus  two  waj's  of  obtaiuing  the  sulphide  by  precipita- 
tion. A  soluble  sulphide  caiises  h.  to  be  throwii  down  completely 
because  no  acid  is  liberated  in  the  action : 

ZnClj  +  (NH,),S  i^  ZnSl+  2NH,C1. 

The  othei  method  is  to  aild  sodium  acet^ite  to  the  solution  of  the  salt, 
and  then  lead  in  hydrogen  sulphide.  The  acid  which  is  lil>erated  by  the 
action  upon  the  sjilt  interacts  with  tbe  uoiUnm  acetate,  giving  a  neutral 
salt  of  sodiuin  and  acetic  acid,  and  the  zinc  stilphide  is  not  affected  by 
the  latter.  In  terms  of  the  ionic  hypothesis,  the  hydrion,  liberated  as 
the  hydrogen  sulphide  interacts  with  the  zinc  salt,  combines  with 
acetaniou  iiiti'oduced  by  the  sodium  acetate,  and  gives  the  little-ion- 
iaed  acetic  acid. 

Auaff/tii'ttt  HeactioHK  of  Zinc  H»lt».  —  Zinc  sulplude  is  precipi- 
tated by  the  addition  of  amnioniiim  sulphide  to  solutions  of  zinc  salts 
and  of  zinc^ttes.  Sodium  hydroxide  gives  the  insoluble  hydroxide, 
which,  bowevfr,  interacts  with  excess  of  the  alkali,  giving  the  soluble 
zincate  of  sodium,  t^ompounds  of  zinc,  when  heated  on  charcoal  with 
cobalt  nitrate,  give  Rinmann's  green  (p.  t>48). 

Cadmium. 

Chemicnl  Jtclationi*  nf  the  Etemetit. — This  element  is  biva- 
lent in  all  its  compounds.  Its  oxide  and  hydroxide  are  basic  exclu- 
sively, and  the  salts  are  not  hydrolyzed  by  water.  It  enters  into  com- 
plex compounds  having  the  ions  C4(NH,)/*,  Cd(CN)/',  and  Cdl,". 

The  Metal.  —  Aside  from  the  rai'e  mineral  greeuockit*  CdS,  cad- 
mium is  found  only  in  small  amounts,  as  carbonate  and  sulphide,  in  the 
corresponding  ores  of  zinc.  During  the  reduction,  being  more  volatile 
than  zinc,  it  distils  over  first. 

In  color  the  metal  resembles  tin,  and  is  much  more  malleable  and 
ductile  than  zinc.     It  melts  at  320°  and  boils  at  770°. 

It  displaces  hydrogen  from  dilute  acids  b\it  is  itself  displaced  from 
sotutioos  of  its  compounds  by  zinc,  since  it  is  leas  electro-poeitive. 
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^B  Compoundu  of  Cadmium,  —  The  chloride  crystallizes  aa  a  dihy- 
itmte  CdOlj,  2H,0,  which  is  efftorestiPtit.  and  is  not  Uyrtrolyzed  during 
dehydi'ation  or  in  solution.  Zinc  I'Lloridp  (ji,  (>47)  is  deliquescent  and 
is  easily  hydrolyzed.  The  halidea  are  less  ionized  than  are  the  corre- 
sponding compounds  of  moat  other  metals.  The  iodide,  in  particular, 
seems  to  exist  in  solution  aa  Cd.Cdl,,  and  the  complex  anion  gives 
little  ionic  cadmium.  On  account  of  this  fact  even  the  sulphide  can- 
not lie  precipitc'ited  completely  from  a  solution  of  the  iodide.  Con- 
versely, hydrjodic  acid  dissolves  the  sulphide  to  a  much  greater  extent 
than  do  other  a<;ida  (see  helow). 

The  hydroxide  ia  made  hy  precipitation,  and  interacts,  aa  a  Itaaic 
oxide,  with  acida,  but  not  at  all  with  IxLsea.  It  dissolves  in  ammonium 
hydroxide,  however,  forming  C<l(NH,)4.(OH)3.  The  oxide  is  a  brown 
fjowder,  obtained  by  heating  the  hydroxide,  earlxjnate,  or  niti'ate,  or  by 
burning  the  metal. 

The  sulphate  crystallizes  from  solution  as  SCdSO,,  SlijO,  and  is 
not  isomorphous  with  the  sulphates  of  zinc  iind  magnesium.  Soluble 
carbonates  throw-  doivn  the  normal  carbonate  of  ciidmiuin  CdCO,,  and 
not  a  basic  carbonate. 

Hydrogen  sulphide  precipitates  the  yellow  iuIpMde  CdS  even  from 
acid  solutions  of  the  salta.  The  substance  is  used  aa  a  })igment. 
Since  zinc  sulphide  is  not  formed  under  these  conditious  (p.  660), 
the  first  part  of  the  distillate  from  the  reduction  of  the  ore  can  be 
dissolved  in  hydrochloric  acid  and  the  cadmium  precipitated  as 
sulphide,  while  the  zinc  remains  in  solution.  The  sulphide  of 
cadmium,  however,  is  less  insoluble  in  water  than  are  the  sulphides 
of  copper  and  mercury,  and  therefore  cannot  be  precipitated  from  a 
strongly  acid  solution.  We  have  thus  a  distinct  gradation  in  the 
solubility  in  water  of  various  insoluble  sulphides.  Tlie  order  of 
increasing  insolubility,  and  consequent  difference  in  liehavior  towards 
iicids,  is : 


Barimn,  Btrontinm,  cal- 
cium, and  ma^TieKiiim 
sulphides : 

Ferrous  sulphide  : 

Zinc  gulpbide  : 

Cadmiam  sulphide  : 

Capric  sulphide  : 
Mercuric  sulphide : 


[at. 


tacked  by  watur,  :iiid  all  aclilH. 


Rtlackod  erou  by  acetic  acid,  but  not  by  water. 

attacked  by  dilute  active  acids,  but  not  by  acetic  acid, 
{  attacked  by  ctiucentnvted  itctlve  acids,  but  ]iol  by  dilute 
j      acids. 

(  attacked  by  fairly  concentrated,  actively  oxidizir' 
I      like  nitric  acid,  but  not  much  by  ordiimrv 

hsjrtlly  attacked  at  all,  even  by  hot 
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AnalffHcal  Reactltina  of  Cadmium  Cotnpounflti,  — The  cad- 

miuiu  ion  Cd"  ia  bivalent  and  colorless.  The  yellow  cadmium  sul- 
phide is  precipitated  by  hydrogen  sulphide,  even  from  acid  solutions 
of  the  salta.  It  is  also  precipitated  from  solutions  wmtaining  the 
complex  cation  Cd(NH,),"  and  the  complex  anion  Cd(CX)/',  as,  for 
example,  from  a  solution  made  by  aflding  excess  of  jiotaasiuni  cyanide 
to  Ciidmium  chloride  solution  (Kj.('d(XjN)j).  The  latter  projKirty 
enables  cadmium  Un  \m  acpiirat*;d  from  copper  (p.  624).  The  white 
hydroxide  is  thrown  down  by  Sfjdium  hydroxide,  aiid  is  not  soluble  iii 
excess  of  this  reagent.  It  ia  not  formed  from  solutions  containing  the 
Cd{NH,)^'*  and  Cd(CN)<"  ions,  and  dissolves  in  ammonium  hydroxide. 
These  and  other  precipitatioua  are  not  complete  when  cadmium  iodide 
Cd.Cdl,  is  used. 

Mercuky, 

Chetnical  ItelationM  of  the  JSteMt^tit,  — Like  copper,  this  element 

enters  into  two  series  of  compounda,  the  mercurous  and  the  mercuric, 
in  wliich  it  ia  univalent  and  bivalent  respectively.  The  merctirous 
Inilides,  like  the  cuprous  halides  (and  the  argentic  haUdes),  are  insoluble 
in  water  and  are  decomposwl  by  light.  There  are,  however,  mercurous 
as  well  as  mercuric  salts  of  oxygen  acids.  Hoth  of  the  oxides,  Hg^l^  and 
Hg(1,  are  kisio  exclusively, but  in  a  feeble  degree.  The  hydroxides,  like 
silver  hydroxide,  are  not  stable,  and  lose  water,  giving  the  oxides.  The 
salts  of  both  seta  are  markedly  hydrolyzeti  by  water,  and  basic  salts  art 
therefore  common.  No  carbonate  ia  known.  Mercury  enters  into  the 
anions  of  a  number  of  complex  salts,  such  aa  HgCl,",  Hgl^",  Hg(CN),", 
etc.  It  does  not  give  comjjlex  cations  with  ammonia  resembling  those 
of  cadmium,  copper,  and  silver  (Cd(NH,)4*',  etc.),  from  which  ammonia 
is  removed  by  heating,  but  instead  forms  a  class  of  inercur-ammoniuni 
compounds  like  Hg"NHjCl,  all  of  which  are  insoluljle.  The  mercuric 
halides  and  cyanide  show  many  peculiarities  due  to  their  being  very 
little  ionized.  Salts  as  a  chiss  ai'e  highly  ionized  Ixxlies,  and  those  of 
merciu'y  and,  to  a  less  degree,  those  of  cadmium  are  the  only  oon- 
Bpicuomi  exceptions. 

The  mercury  stilts  of  volatile  acids,  like  the  corresponding  salts  of 
ammonium  (p.  421),  can  all  be  volatilized  completely.  Mercury  vapor 
and  all  merciu-y  compounds  are  {wisonous,  the  soluble  ones  mor« 
markedly  so  than  the  inisoluble  ones. 

The  mercurous  salts,  iis  a  rule,  are  formed  wheii  excess  of  mercury 
is  employed^  and  mercuric  salts  when  excess  of  the  oxidizing  acid  or 


k 
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other  substance  is  present.  Reducing  agents  turn  nierouric  into  met- 
ciu'oua  salts,  and  oxidizing  agents  do  just  the  reverse. 

As  in  the  case  of  the  cuprous  compounds,  it  is  a  question  whether 
simple  or  multiple  formulie,  HgCl  or  Hg^CIj,  etc.,  should  bo  employed 
for  raercurous  salts.  Pending  the  discovery  of  some  basis  for  a  deobion, 
the  simple  formulBe  are  used  here. 

Occurrence  attd  ImtluUon  of  the  Metal.  —Mercury  occurs  to 
some  extent  native  and  to  a  larger  extent  as  red,  crystalline  cinna- 
bar, mercuric  sulphide  HgS.  The  chief  mines  are  in  Spain,  California, 
and  Austria. 

The  liberation  of  the  metal  is  easy,  because  the  sulphide  is  decora- 
jKised  at  a  high  temj>erature,  and  the  snlph;ir  forms  sulphur  dioxide. 
The  mercury  does  not  unite  with  oxygen,  for  the  oxide  decomposes 
(p.  12)  at  400-600° : 

HgS  +  0,  ^  Hg  +  SO^ 

In  some  places  the  ore  is  spread  on  perforated  brick  shelves  in  a  verti- 
cal furnace,  and  the  ga.sos  pass  throiigh  tortuous  flues  in  which  the 
vapor  of  the  metal  condenses.  The  product  is  filtered  through  chamois- 
skin.  For  separation  from  metallic  impuritiei,  like  zinc,  arsenic,  and 
tin,  which  are  dissolved,  it  must  be  distilled.  In  the  laboratory,  where 
mercury  finds  many  applications,  it  becomes  impure  with  use,  and  then 
adheres  to  gkss,  and  does  not  run  freely  in  spherical  droplets.  For 
purification  it  is  placed  along  with  a  little  diluted  nitric  acid  in  a 
aeparatorj'  funnel  (Fig.  5(i,  p.  147),  and  kept  in  continual  agitation  by 
means  of  a  current  of  air  drawn  or  blown  through  the  mass.  Hy  this 
treatment  foreign  metals,  such  as  sodimn  or  zinc,  nearly  all  of  which 
are  much  more  active  than  mercury  {cf,  p.  362),  are  converted  into 
nitrates.  Pure,  dry  mercury  can  be  drawn  off,  when  needed,  at  the 
bottom.  If  a  high  degree  of  purity  is  required,  the  product  must  be 
distilled  tn  vacuo, 

PhifKicat  Properties.  —  Mercury  or  quicksilver  (NL.  hydrnrgi) 
rum,  from  (Jk.  vSujp,  water,  and  i^yupos,  silver)  is  a  silver-white  litiuttl 
At  —  39.5°  it  freezes,  and  at  367°  it  boils.  At  ordinary  tern pe rat utes  it 
has  a  measurable  vapor  tension,  at  15°  0.0008  mm.  and  ;it  99-  0  20  imn 
The  vapor  is  colorless,  df>es  not  conduct  electricity,  and  is  monatoniio. 
A  gold-leaf  suspended  over  mercury  becomes  amalgamated,  since  the 
solution  of  gold  in  mercury  has  a  rapor  tension  smaller  than  that  o£ 
pure  mercury  (p.  161), 
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On  account  of  its  liigh  specific  grravity  (13.6,  at  0°)  and  low  va| 
teusioii,  the  luetal  is  t^iujtloyed  for  tilling  bai-ometers  and  inanoiuet 
Its  uniform  expansion  favors  ite  use  in  thermometers.  The  tendeucr 
tc)  form  amalgams,  wliicli  it  exhibits  towards  all  the  familiar  metals  with 
tlw  exception  of  iron  and  platinum  (the  latter,  however,  ia  "wet'"  bv 
it),  is  taken  a<lvantage  of  in  vai'ious  ways.  Sodium  amalgam  (p.  569), 
which  is  solid  when  the  sodium  exceeds  2  per  cent,  behaves  like  free 
so<lium,  but  with  moderated  activity.  A  layer  of  mercury  on  the  zinc 
pliiti's  of  batteries  reduces  the  action  of  tjie  acid  on  the  zinc,  while  the 
I'ells  are  not  in  use.  Mixtures  of  mercury  until  powdered  cadmium 
;itid  a  small  proportion  of  copper,  quickly  form  solid  amalgams,  and  are 
Msed  by  dentists.  The  employment  of  mercury  in  the  extraction  of  gold 
by  washing  luis  alreiwly  Ikh^.u  mentioned  (p.  636).  Mirrors  hacked  with 
a  tin-tneroury  amalgam  have  been  almost  completely  displaced  by  silvered 
minors  (p.  632). 


Chetnicfit  Prnpertiet!,  ^When  kept  at  a  temperature  near  to  its 
Iwiiling-point,  mercury  (combines  slowly  with  oxygen.  Its  inactivity 
towards  oxygeu  wheu  cold  places  it  uext  to  the  noble  metals.  On 
account  of  its  general  inactivity,  it  is  used  in  the  luboratflry  for  con 
ing  gases.  It  does  interact  with  hydi'ogen  sulphide  aJid  hydro; 
if)didci  however  (r/.  Sih^er,  p.  628).  Mercury  does  not  displaee  hydro- 
gen frcnu  dilute  acids  (p.  vJ62),  hut  with  oxidizing  acids  like  nitric  acid 
and  liot  concentrated  sulphuric  acid,  the  nitrates  and  sulphates  are 
formed.  With  excess  of  mercury,  the  mercurous  salts,  and  with  ex- 
cess of  the  hot  acid,  the  mercuric  salts,  are  produced.  ^Vhen  triturated, 
for  example  with  milk-sugar,  mercury  is  divided  into  minute  droplets 
witli  relatively  large  sui'face.  In  this  form  it  is  used  in  medieiue 
("blue  pills"),  and  shows  an  activity  whieh  is  entirely  wanting 
larger  masses. 


Km 
ifi]^ 


MercuroHn  Chloride. —  This  salt  (calomel)  is  obtained  as  a  whit 
powder  by  preci\iitation  from  solutions  of  mereurous  salts.     It  is  an 
ufacturcd  by  subliming  mercuric  chloride  with  mercury  : 

HgCl,+  Hg-»2HgCl, 

or  more  usually  by  subliming  a  miitture  of  mercui'ic  sulphate,  made  aa 
described  above,  with  mereury  and  commott  salt.  It  ia  deposited  on  the 
cool  part  of  the  vessel  as  a  fibroas  crystalline  mass,  or,  when  the  vapor  is 
led  into  a  large  ebamlier,  as  a  fine  powder.     It  is  slowly  affected  by  Ught 
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ju«t  as  aih-er  chloride  is.  Here,  however,  the  chloriiip  whii^li  is  rek'asetl 
oorubLnes  with  another  molecule  of  the  salt  to  form  mercuritr  t'hloriile, 
Since  the  vapor  jvreasure  of  ealomel  reafbes  7fiO  nun.  Iwfort'  the  tern- 
[wrature  has  risen  to  the  melting-point,  the  comptiujiil  siililimes  at 
atmospheric  pressui'e  without  melting.  Ita  vapor  ilensity  irorrfspoiuls 
to  the  formula  Hgfl.  liut  t)ie  vapor  cJiii  be  shown  ti)  foiitain  moro  or 
less  Hr  4-  H^ri.,.  Since  this  change  t\om  not  alter  the  average 
iiioleculai'  weight,  and  the  action  is  reversed  when  the  tumperatiire 
falls  (e/.  Ammoninm  chloride,  p.  421),  it  has  not  been  foiuiil  possible 
to  determine  whether  little  or  much  of  the  e^Iome!  is 'thus  atfeeted. 
The  siilietance  is  used  in  medicine  on  account  of  ite  tendency  to  stim- 
ulate all  organs  producing  secretiooa. 


Alereurle  Chlorittr. —  By  direct  union  with  chlorine  the  mercuric 
salt,  oorroBlve  sublimate  HgCL,  is  formed.  It  is  usually  manufac- 
tured by  subliming  mercuric  sulphate  with  common  salt,  and  crystal- 
lizes in  white,  rhomliic  prisms.  It  melts  at  265°  and  IxiiU  at  307".  At 
20°  one  hundred  parts  of  water  dissolve  oijy  7.4  parte  of  tho  salt,  and 
at  100°,  54  parts.  It  is  more  soluble  in  alcohol  and  in  ether.  Tlic 
aqueous  solution  is  slightly  acid  in  reaction.  The  salt  is  easily  reduced 
tfl  mercurous  chloride.  When  excess  of  stannous  chloride  is  adik*d  t« 
the  solution,  the  white  precipitate  of  calomel,  first  formed,  passes  into 
a  heavy  gray  precipitate  of  finely  divided  mercury  : 

2HgCL,  +  SnCl,  ->■  8nCl,  +  2HgCl, 
2HgCl  +  SnCl,-^  SnCl,  +  2Hg, 

The  halides  of  mercury  are  very  little   ionized  in  solution,  the 

bromide  and  iodide  even  less  so  than  tlie  chloride.  Hence  these  salt-* 
are  little  affected  by  sulphuric  acid  or  nitric  acid.  For  example,  the  cliht- 
rine  and  nitrosyl  chloride  which  hydrochloric  acid  form.i  with  the  nitric 
acid  are  not  observed  when  mercuric  chloride  is  added  U}  this  acid.  Ou 
this  account,  too,  the  hydrolysis  of  the  chloride  is  much  less  tlian  that 
of  the  nitrate.  There,  is  a  tendency  also  to  the  formation  of  compdcx 
salts,  so  that  the  addition  of  sodium  chloride  increa^ew  the  solubility 
in  water  and  renders  the  solution  neutral,  ?«a('l,  HgCl,  or  NaHgt'l,  U'ing 
formed.  The  complex  salte,  like  K.HgClj.HjO,  H,.HgC  1^,711,0,  and 
lfHj.HgC'l„H,0,  are  easily  made  by  crystallization  from  solution.  The 
anions  are  relatively  highly  ionized,  however,  and  the  l*!uivior  is  inter- 
mediate between  that  of  complex  salts  and  double  salts  (p.  SHj). 


Corrosive  sublimate,  when  taken  internally,  is  extremely  poisonous. 
A  very  dilute  solution  is  uaed  in  surgery  to  destroy  lower  organisms 
and  thus  prevent  infection  of  wounds.  The  pharmaceutical  tabloids 
of  mercuric  chloride  contain  sodium  cbloride,  because,  although  the 
latter  diminishes  the  activity  of  the  compound,  it  alsodoe3  away  with 
the  formation  of  insoluble  chlorides  and  hastens  solution.  Mercuric 
chloride  acts  also  as  a  preservative  of  zoological  materials,  forming  in- 
soluble compounds  with  albumins,  and  preventing  their  decay.  For 
the  same  rea^^on,  albmnin  (white  of  an  egg)  is  given  as  an  antidote  in 
cases  of  sublimate  poisoning. 


The  lodidett  of  Mefcury,  —  MerouronB  iodide  is  formed  by  rub- 
bing iodine  with  excess  of  mercury-  It  also  appears  as  a  greenish- 
yellow  precipitate  when  pobissium  iodide  is  added  to  a  solution  of  a 
mercurous  salt.  The  compouiul  decomixises  spont;iueously  into  mer- 
cury and  mercuric  iodide.  The  decomposition  is  much  hastened  by  the 
use  of  excess  of  potassium  iodide,  which  combines  with  and  removes  the 
mercuric  iodide  (see  below) : 

2HgI^Hg-HHglr 


4 


« 


Merouiio  Iodide  is  obtained  by  direct  union  of  mercury  with  excess 
of  iodine,  or  by  addition  itf  potassium  iodide  to  a  solution  of  a  mercuric 
salt.  It  is  a  scarlet  powder,  insoluble  in  water,  but  soluble  in  alcohol 
and  ether.  It  interacts  with  excess  of  potassium  iodide,  forming  the 
soluble,  colorless  potassium  mere uri- iodide  lC,.HgIj  with  which  many 
precipitants  fail  to  give  mercury  compounds.  When  heated  above 
116.5°  it  turns  slowly  into  a  yellow  moditicatiou,  and  at  223°  this  new 
form  melts.  On  being  cooled,  it  freezes  first  in  the  tetragonal  yellow 
form,  and  below  116.5°,  especially  if  touched  with  a  glass  rod,  ic 
changes  into  the  red,  monoclinic  variety  with  evolution  of  heat.  Sul- 
phur (p.  368)  and  ammonium  nitrate  (p.  665)  show  similar  transition 
points.  When  the  vajwr  of  the  compound  is  cooled,  it  first  forms  thin 
scales  of  the  yellow  form,  which  is  the  unstable  one  at  low  tempera- 
tures, and  these  turn  red  when  touched.  Similarly,  pre<'ipitation  gives 
first  the  yellow  variety,  which  presently  becomes  red  {rf.  Transforma- 
tion by  steps,  p.  453), 


The  OxMe». —  When  bases  are  added  to  solutions  of  mercurotis 
salts,  a  brownish-black  powder  is  thrown  down,  which,  when  dried,  is 
found   to   be   mercurottB  oxide  Ug,0.     The  hydroxide  is  donbtleBS 
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formed  transitorily  and  then  loses  water  (rf.  Silver  oxide,  p.  630). 
Under  the  influence  of  light  or  gentle  heat  (100°),  this  compound  re- 
solves itself  into  mercuriu  oxide  and  mercury. 

Mercuric  oxide  is  formed  as  a  red,  crystalline  powder,  when  mer- 
cury is  heated  in  air  near  to  357°,  but  is  usually  made  by  decomposing 
the  nitrate.  (;-ammercial  specimens,  incompletely  decomposed,  thus 
frequently  give  some  nitric  oxide  when  heated.  It  ia  formed  also  as  a 
yellow  powder  by  adding  bases  to  solutions  of  mercuric  salts.  It  ia 
contended  by  some  chemists  that  the  difference  in  activity  between  the 
red  and  yellow  forms  is  due  solely  to  the  finer  state  of  division  of  the 
latter,  and  by  others  it  is  maintained  that  the  substance  is  dimorphous 
(p.  369)  and  that  two  distinct  varieties  exist. 

The  yUrate».  —  The  merourouB  salt  is  formed  by  the  action   of 

cold,  diluted  nitric  acid  upon  excess  of  mercury.  It  forms  monoclinic 
crystals  of  a  hydrate  HgNO„H,0,  It  is  hydrolyzed,  slowly  by  cold, 
and  rapidly  by  warm  water,  ^ving  a  basic  nitrate : 

2HgN0,  +  H,0  ^  HNO,  +  Hg.{OH)NO,  \  . 

On  this  account  a  clear  solution  can  be  made  only  when  some  nitric 
acid  is  added.  Free  mercury  ia  also  kept  in  the  solution  to  reduce 
mercuric  nitrate,  which  is  formed  by  atmospheric  oxidation  ; 

Hg(NO,),  +  Hg  ^  2HgrN0.    or     Hg"-|- Hg-.  2Hg*. 

Mercuric  nitrate  is  produced  by  using  excess  of  warm,  concen- 
trated nitric  acid.  It  forms  rhombic  tables  of  Hg(NO,)j,  811,0.  The 
aqueous  solution  is  strongly  acid,  and  deposits  a  yellowish,  crystalline, 
basic  nitmte  Hg,(OH)jO(KO,)j.  The  action  is  reversed  by  adding 
nitric  acid. 


Siilpli  Ideft  of  Mereury.  —  Mercnrons  tnlpUde   Hg„S  is  formed 

by  precipitation  from  mercurous  salts,  but  is  stable  only  below  —10°. 
Above  this  temperature  it  decomposes  into  mercury  and  mercuric 
sulphide. 

Crystallized  merouric  aulphide  occurs  as  cinnabar,  and  is  red. 
When  formed  by  precipitation  with  hydrogen  sulphide,  or  by  rubbing 
together  mercury  and  sulphur,  it  is  black  and  amorphous.  By  subli- 
mation, in  the  course  of  which  it  dissociates,  the  black  form  gives  the 
red,  crystalline  one.  When  allowed  to  stand  under  a  solution  of  so- 
dium sulphide,  the  black  form  is  slowly  traua^  "' 
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shows  that,  as  we  should  expect,  the  red  form  is  the  more  stable, 
possesses  leaa  energy,  and  is  less  soluble  at  ordinary  temperatures. 
The  change  is  effected  by  intermediate  formation  of  a  complex  sul- 
phide, the  solution,  wheu  siitnrated  toward  the  less  stable  black  sul- 
phide, being  supersaturated  toward  the  more  stable  red  one.  A  white, 
crystalline  sodium  raercuri-sulphide  Na-HgSj,  8HjO  can,  in  fact,  be  ob- 
tained from  the  solution. 

The  black  and  the  red  varieties  do  not  interact  with  concentrated 
.acids,  and  are  even  unaffected  by  boiling  nitric  acid,  which  oxidizes 
most  sulphides  readily.  They  are,  therefore,  less  soluble  in  water 
than  cupric  sulphide  (pp.  600,  651),  and  much  less  so  tlian  sulphide 
of  cadmium.     They  are  attacked,  however,  by  ajwa  rer/ia, 

The  red  form  of  the  sulphide  is  used  in  making  paint  (Tenuilion). 
The  color  is  more  peiinanent  than  that  of  red  lead  (Pb,Oj),  because  re- 
ducing gases  (e.ff.  iH\),  acids  (e./j.  HjSO,),  and  hydrogen  suljjhide, 
which  are  present  in  the  air,  do  not  affect  it.  It  is  not  stable,  how- 
ever, when  applied  to  metals,  since  iron,  zinc,  etc.,  all  displace  mer- 
cury from  combination,  and  in  these  cases,  therefore,  red  lead  is  pre- 
ferred. 

MerrnHc  Cyutnde.  — This  salt  is  marie  by  trciting  precipitated 
mercuric  oxide  with  hydrocyanic  acid,  and  is  obtained  in  aquare-pris- 
matic  crystals.  Wlien  heated  it  gives  off  cyanogen:  Hg(f;N),  — » 
Hg  +  CjN,,  and  is  a  convenient  source  of  this  gas  (p.  507).  The  com- 
pound is  soluble  in  alcohol,  ether,  and  water.  In  solution  in  wat«*.r 
it  Is  so  little  ionized  that  the  freezing-point  of  the  solution  is  nornuil 
(p.  292),  and  many  reagents  fail  to  show  the  presence  of  either  ion. 
Thus,  with  silver  nitrate  no  silver  cyanide  is  precipitated,  and  with 
abase  no  mercuric  oxide.  With  potassium  cyanide  it  forms  a  oomjilex 
cyanide  Kj.Hg(CN)4.  Hydrogen  sulphide  throws  down  the  sulphide 
from  both  the  simple  and  the  complex  cyanides. 

The  FalHitHnte  a$ttl  Thinrf/nttnte-  —  Mercuric  fulminate 
Hg(<>N(')j  is  obtained  as  a  white  precipitate  wlieii  mercury  is  treated 
with  nitric  acid,  and  alcohol  is  added  to  the  solution.  It  decomposes 
suddenly  when  struck,  and  is  used  in  making  percussion  caps.  The 
thiocyanate  Hg(.SCN),  is  precipitated  when  potassium  thiooyanate 
K(S('N)  is  added  to  a  solution  of  a  mercuric  salt.  When  formed  into 
little  balls  and  burned  in  the  air,  the  substance  leaves  a  curiously 
voluminous  ash  ("Pharaoh's  serpents"). 
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Mereur-animonium  Compound*'  —  When  ammonium  hydrox- 
ide is  added  to  a  solution  of  a  mercuric  salt,  a  white  substance,  of  a  type 
which  we  have  not  previously  eucountered,  is  thrown  down.  Mercuric 
chloride  gives  HrNHjCI,  commouly  called  "  infusible  white  precipi- 
tate," and  the  nitrate  gives  HgNlI^O, : 

HgCL,  +  2NH,  -» HgNHjCI  +  NH^Cl. 

The  substance  may  be  regarded  as  being  derived  from  ammonium 
chloride  (p.  421)  by  the  displacement  of  2H  by  Hg : 

/H 
Hg:N-H. 

It  would  thus  be  named  mercur-ammonium  chloride. 

When  the  mercuric  chloride  is  added  to  a  boiling  solution  of 
ammoniuni  ehloi'ide  coiitainiug  ammonium  hydroxide,  mercur-diam- 
luonium  chloride  Hg(NH,Cl)j,  "  fusible  white  jjrecipitate,"  api>ears. 

The  addition  of  ammonium  hydroxide  to  a  solution  of  potassium 
niercuri-iodide  ICHgl,  s'ives  rise  to  a  third  type  of  compomid, 
dimercur-ammouium  iodide  IlgjNI,  11,0,  which  appears  as  a  brown 
precipitate : 

2HgI,  +  4NHa  -^  Hg,NI  +  SNH^I. 

A  solution  of  potassium  mercuri-iodide  containing  potassium  hydroxide, 
Neaaler'B  reagent,  becomes  distinctly  yellow  with  traces  of  ammonia, 
and  brown  with  larger  amounts,  and  us,  therefore,  a  valuable  reagent 
for  detecting  traces  of  this  base. 

When  calomel  is  treated  with  ammonium  hydroxide,  it  turns  into  a 
black,  insoluble  body.  This  appears  to  be  a  mixture  of  free  mercury, 
to  which  it  owes  its  dark  color,  and  "  infusible  white  precipitate," 
Hg  +  HgNHjCl.  To  this  reaction  calomel  owes  its  name  (Gk. 
(coAa/icAas,  lieautiful  black).  Merouroiis  nitrate  gives  a  black,  insoluble 
mixture,  Hg  +  HgNH^NOj.  Calomel,  when  dn/,  absorbs  ammonia  gas, 
forming  a  molecular  compound  of  the  common  t^fpe  HgCl,NHy  This 
substauce  loses  the  ammonia  again  when  the  pressure  is  reduced.  The 
other  compounds  described  above,  on  the  other  hand,  do  not  contain 
nitrogen  and  hydrogen  in  the  proportioius  necessary  to  form  ammonia 
and  ai-e  stable.  Hence  they  are  necessarily  to  be  regarded  as  belong- 
ing to  a  different  type. 

Anali/Hcal  -ReacHotia  of  Mercury  Compwund».  —  The  two  ionic 
forms  of  the  element,  monomercurion  Hg*  and  dimercurion  Hg  ",  are 
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both  colorless,  but  their  chemieal  behavior  is  entii-ely  different.  Both 
give  the  black  sulphide  Hg.S,  which  is  insoluble  in  acids  and  other 
solvents  of  mercury  salts.  Monomercurion  gives  the  insoluble,  white 
chloride,  the  black  oxide,  and  a  black  mixture  with  ajsmonims 
hydroxide.  Diraerourion  gives  a  soluble  chloride,  a,  yellow,  insoluble 
oxide,  and  a  white  precipitate  with  amraouium  hydi-oxide.  The  b^ 
havior  with  stannous  chloride  (p.  655)  is  characteristic  of  mercuric  salts. 
With  potassium  iodide  the  behavior  of  the  two  ions  is  quite  different 
{p.  656).  The  more  active  raetals  displace  mercury  from  all  compounds. 
This  displacement  is  employed  as  a  test  for  compounds  of  mercury. 
Copper  is  used  by  preference  as  the  displacing  metal  because  the  mer- 
cury is  easily  seen  on  its  surface. 

Salts  of  mercury  are  volatile.  When  heated  in  a  tube  with  sodium 
carbonate,  they  also  give  a  sublimate  of  metallic  mercury. 

Thk  Recognition  of  Cations  in  Qualitative  Analysis. 

"  Wet-way  "  analysis  consists  in  recognizing  the  various  positive  and 
negative  ions  present  in  a  solution  (p.  343).  In  discussing  hydrogen 
sulphide  (p.  37S),  it  was  stated  that  the  sulphides  might  be  divided 
into  three  classes  according  to  their  behavior  towards  water  and  acids. 
Now  these  differences  in  behavior  furnish  us  with  a  basis  for  distin- 
guishing the  cations  present  in  a.  solution.  Since  the  properties  of  b 
number  of  sulphides  and  other  compounds  of  the  metals  have  been 
studied  in  recent  chapters,  it  is  possible  to  make  a  more  complete 
statement. 

The  following  plan,  taken  in  conjunction  with  the  statements  ia 
the  context,  shows  how  a  single  cation  may  be  identified,  and  bow. 
when  several  cations  are  present,  a  separation  preparatory  to  identifi- 
cation may  be  effected.  What  will  be  said  applies  only  to  the  case  of 
a  solution  containing  salts  like  the  chlorides,  nitrates,  or  sulphates  of 
one  or  more  cations,  and  leaves  the  oxalates  (p.  601),  phosphates, 
oyanides,  and  some  other  salts,  out  of  consideration. 

Qroup  1.  —  It  is  usual  to  KdS,  first,  hydrochloric  add,  to  find  out 
whether  cations  giving  insoluble  chlorides  ai'e  present.  Argentic, 
mercurous,  and  plumbic  salts  give  the  white  AgCl,  Hgd,  aud  PbCU 
respectively.  (For  the  fmlher  recognition  of  each,  see  p.  635.)  Fil- 
tration eliminates  the  precipitate,  if  there  is  any. 

Oroup  2,  —  A  free,  active  acid  being  now  present,  hydrogen  Bolpbids 
is  led  into  the  solution.     The  sulphides   insoluble   in   active   acids, 
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f  ^fajttdy,  HgS,  CuS,  FbS,  Bi:S],  CdS,  ABgS>i,  Sb^Sj,  SoS,  are  therefore 
*  throwTi  down.  Thb  lii'st  four  are  blfic-k  or  brown,  the  next  two  are 
yellow,  and  the  last  two  are  orange  and  brown  respectively.  A  dark- 
colored  siibstanee  will  naturally  obscure  one  of  lighter  color,  if  more 
than  one  is  present.  If  too  much  acid  is  used,  the  precipitation  of 
several  of  the  sulphides  will  be  incomplete  (p.  651);  if  too  little,  zinc 
sulphide  may  come  down  (p.  649).  Filtration  again  eliminates  the 
precipitate. 

This  group  is  easily  subdivided.  Any  or  all  of  the  last  three  sul- 
pliidea  will  pass  into  solution  when  warmed  with  yellow  animoniiim 
sulphide,  for  they  give  soluWe  complex  sulphides  Bimiliir  to  potassium 
sulphaurate  (p.  638).  The  first  five  sulphides,  or  any  of  them,  will  be 
unaffected.  On  the  other  hand,  these  five  sulphides,  with  the  exception 
of  HgS,  will  interact  with  hot  nitric  acid  {p.  Gfi8).  Other  reactions 
described  in  the  context  are  then  used  to  distinguish  between,  or,  if 
there  ia  a  mixture,  to  separate,  the  members  of  the  sub-groups. 

Group  3,—  The  solution  (filtrate)  is  now  neutralized  with  ammonium 
hydroxide,  and  ammoiiiuin  sulphide  is  added.  Some  minmoaium  oblO' 
rlda  is  also  used,  to  prevent  the  precipitation  o£  niagiiesjiim  hydroxide 
(p.  644),  which,  in  any  event,  would  be  mcomplete.  The  sulphides 
which  are  insohible  in  water,  and  are  not  hydrolyzed  by  it,  now  appear. 
They  are  TeS,  CoS,  NlS,  all  black,  MnS,  HaO,  and  ZuS,  whitb  are  pink 
and  white  respectively.  There  are  precipitated  also  the  hydroxides  of 
chromium  and  of  aluminium,  Cr(OH)}  and  Al(OH)<,  because,  although 
their  sulphides  are  hydrolyzed  by  water,  the  iiydroxides  are  formed  by 
the  hydroxidion  in  the  ammonium  sulphide  solution.  They  are  too 
insoluble  to  behave  like  magnesium  hydroxide  (p.  646)  by  dissolving 
in  salts  of  ammonimu.  They  also  form  no  complex  metal-ammonia 
ion,  as  does  zinc  (p.  648).  The  sulphides  of  nickel  and  cobalt  re- 
semble the  sulphide  of  zinc  in  lieing  precipitated  by  hydrogen  sulphide 
when  acetic  acid  is  the  only  acid  present.  The  other  sulphides  inter- 
act even  with  acetic  acid  {p.  651).  | 

Another  plan  is  to  oxidize  the  iron,  if  present,  and  use  ammonium 
chloride  and  ammonium  hydroxide  instead  of  ammonium  sulphide. 
The  hydroxides  of  the  trivalent  elements,  F6(0H)„  Cr(OH)„  A1(0H)„ 
can  be  precipitated  by  excess  of  ammonium  hydroxide  even  when  salts 
of  ammonium  are  present.  Those  of  the  bivalent  metals,  Mn(OH)j, 
Fe(0H)„  Zn(OH),,  Ni(0H)5,  Co(OH)j,  resemble  magnesium  hydroxide 
(p.  644),  and,  of  these,  the  last  three  resemble  aho  zinc  hydroxide 
(p.  648),  and  so  cannot  be  precipitated.     After  filtration,  ammonium 
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sulphide  now  throws  down  the  sulphides  of  the  five   bivalent  mefads 
(for  a  third  plan,  aee  Chemical  relations  of  aluminium). 

Group  4,  —  After  filtration  from  members  of  the  iron  group,  if  any 
were  present,  ammonium  carbonate  is  added,  and  precipitates  the  re- 
maining metals  whase  carltonates  are  insoluble,  BaCOj,  SrCOg,  CaCOi. 
with  the  exception  of  magnesium  (p,  644). 

By  addition  of  Bodium  phosphate  to  a  portion  of  the  filtrate,  mag- 
nesium, if  present,  now  comes  out  in  the  form  NH^MgPOt.  There  re- 
main in  solution  only  salts  of  potassium,  sodium,  and  atninoninin. 
Since  only  ammonium  compounds,  and  other  suitstances  which  can  be 
volatilized  have  been  added,  evaporation  and  ignition  of  the  residue 
leaves  the  salts  of  the  two  metals.  If  no  other  metallic  elements  have 
beeu  shown  to  be  present,  it  saves  tune  to  examine  a  fresh  portion  of  the 
original  material.  Salts  of  ammonium  must  also  be  sought  in  a  fresh 
sample  by  the  usual  test  (p.  421). 

The  following  simple  cuinponndB  are  soluble,  but  are  ao  littk 
ionized  tliat  their  solutions  do  not  show  all  the  reactions  of  both  of 
the  ions:  NH/)H,  H^S,  HNC,  H,CO„  HgCl,,  Hg(CN)j,  Fe(CNS), 
Fe(CaH,Oj)j.  Vi'ith  a  numter  of  othei-s,  for  example  Cdl„  the  actions 
are  incomplete  for  the  same  reason.  Complex  compounds,  as  we  have 
seen,  give  complex  ions,  and  the  latter  axe  usually  so  little  resolved 
into  simpler  ions  that  the  latter  caunot  be  discovered  by  all  the  usual 
tests,  Thus  :  K.Ag(CN)3  gives  K*  and  AgfCN),',  but  very  little  Ag' 
and  CN'  (p.  629) ;  Cu(NH5),.Cl,  gives  muoJi  Cu(NH,),",  and  CT  but 
very  little  (Ju**.  The  individual  cases  are  fully  described  in  the 
coutext. 

£^erc(geti.  —  1.  What  is  the  numerical  value  (a)  of  the  solubility 
product  of  magnesium  hydroxide,  (ft)  of  the  concentration  of  hj'droi- 
idion  given  by  it  and  by  normal  ammonium  hydi-oxide  respectively 
(p.  544)  ?  Will  normal  concentration  of  ammonium  chloride  suffice  to 
reduce  the  latter  below  the  former  ? 

2.  Why  should  we,  perhaps,  expect  ammonium  sulphide  solution  to 
|»recipitate  m^nesium  hydroxide,  and  why  does  it  not  do  so  ? 

3.  What  volume  of  air  is  reqmi'ed  to  oxidize  one  formularweight 
of  sane  sulphide  to  ZnO  and  SO,,  and  what  volume  of  sulphur  dioxide 
is  produced?  Is  the  product  more  or  less  diluted  with  nitrogen  than 
when  pure  sulphur  is  burned,  and  by  bow  much  ? 

4.  Make  equations  showing  (a)  the  effect  of  heating  zinc  chloride 
with  cobalt  nitrate  (Co(^Og)j)  in  the  Bunsen  tiame  (p.  648),  {b)  the 
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action  of  hydrogen  sulphide  on  sodium  zincate,  (e)  the  actions  of  con- 
centrated nitric  acid  and  of  concentrated  sulphuric  acid  on  mercury. 

5.  What  is  the  distinction  between  a  solid  isomorphous  mixture  of 
two  salts  and  a  double  salt  ? 

6.  What  kind  of  salts  might  take  the  place  of  sodium  acetate  in 
the  precipitation  of  zinc  sulphide  (p.  650)  ?     Give  examples. 

7.  Compare  the  amalgamation  of  a  gold-leaf  by  mercury  vapor  with 
the  phenomenon  of  deliquescence  (p. -162). 

8.  If  the  scheme  for  the  recognition  of  cations  (p.  660)  were  ap- 
plied to  solutions  prepared  from  materials  containing  (a)  calcium  oxa- 
late and  (b)  potassium  argenticyanide,  at  what  stage  and  how  would 
the  presence  of  each  of  these  substances  affect  the  normal  order  ? 

9.  Why  do  none  of  the  salts  of  the  elements  in  this  family  give 
recognizable  effects  with  the  borax,  bead  ? 


CHAPTER   XXXVITI 
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We  have  seen  that  chemical  changes  which  proceed  spontanec 
Hberabe  some  form  of  energy.  As  a  rule,  heat  is  developed  j  but  witi 
Bp«ctal  arriiugemeut  of  the  app&ratua  (p.  20)  so  that  it  takes  the 
form  of  a  hatterj-cell,  an  equivalent  amount  of  electricity  is  obtaiued 
instead.  To  avoid  Bugge.sting  that  this  energy  comes  from  nothing, 
we  say  that  the  original  system  contained  a  certain  amount  of  free,  or 
available,  chemical  energy  and  that  this  has  l>een  transformed,  con- 
comitantly with  the  chemical  change,  into  an  equivalent  amount  of 
heat,  or  of  electrical  energy,  as  the  case  may  be.  Nor  is  the  alterna- 
tive of  producing  electrical  energy  available  only  when  the  action 
resembles  the  displacement  of  hydrogen  by  zinc,  as  in  our  illustration. 
Most  t'hanges  between  iouogens,  including  oxidations  and  double 
decompositions,  may  be  adapted  so  as  to  deliver  this  form  of  energy. 
It  need  hardly  be  added  that,  since  the  transformation  of  chemically 
equivalent  amounts  of  different  sets  of  substances  produces  very  dif- 
ferent quantities  of  heat,  so  it  proiiuoes  also  correspondingly  different 
amounts  of  electrical  energy.  Thus  the  original  free  chemical  energy 
may,  theoretiially,  be  measured  by  either  methmi.  In  practice, 
however,  the  thermochcmical  plan  fails  entirely  in  many  cases  (</. 
pp.  27,  79),  and  the  electrical  is,  as  we  shall  see,  often  much  more 
instructive.  The  study  of  what,  to  parody  the  phraseology  of 
thermochemistry,  we  might  call  "exoelectrical"  at^tions,  thus  resolves 
itself  into  constructing  experimental  battery-cells  involving  all  kinds 
of  chemical  changes,  antl  studying  the  electric  currents  which  are  ttt 
in  motion  by  the  progi'esa  of  the  changes.  We  have  therefore  named 
this  branch  of  the  science  eleotromottve  chemiAtry. 

In  addition  to  its  signifirauce  tlieoretically,  electromotive  chem- 
istry has  recently  acquired  great  eommercial  importance  because  of  the 
rapid  multiplication  of  electro-chemical  industries.  It  is  true  that 
the  majority  of  the  actions  used  in  the.se  industries  are  electrolylir 
(eudoelectrical),  and  that  this  sort  of  change  is  the  precise  inverse  of 
the  other,  since  in  it  electricity  is  consumed  instead  of  set  in  motion, 
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but  it  is  also  true  that  neither  variety  can  be  understood  without  a 
study  of  both. 

Factofs  and  Unitu  of  Electrical  Energy,  —  On  account  of  the 
close  relation  between  electromotiva  chemistry  and  electrolysis,  parts 
of  the  former  subject  were  anticipated  when  the  latter  was  discussed 
(pp.  321-326).  These  pages  should  now  be  re-read  attentively.  In 
particular,  it  must  be  recalled  that  a  quantity  of  electrical  energy  is 
expressed  by  two  factors.  One  is  called  the  qnantlt;  of  electricity,  and 
ia  measured  in  coulombs.  The  other  is  called  the  electromotive  force 
in  the  case  of  a  current,  or,  when  a  current  is  not  flowing  or  is  not  be- 
ing considered,  the  difference  in  potential,  and  is  expressed  in  volts. 
Just  as  in  electrolysis  chemically  equivalent  quantities  of  elements  or 
ions,  in  being  liberated  from  solutions  of  different  substances,  use  vp 
equal  quantities  of  electnuity  (p.  317),  so  in  a  battery-cell  the  inter- 
action of  chemically  equivalent  amounts  of  different  sets  of  substances 
produces  equal  quantities  of  electricity  (p.  321).  Likewise,  just  as  in 
the  former  case  different  amounts  of  electrical  energy  (p.  323),  and 
therefore  different  electromotive  forces,  are  required  to  produce  in 
different  solutions  equivalent  amounts  of  chemical  change  (p.  324),  so 
in  the  latter  case  different  amounts  of  electrical  energy  are  generated 
by  the  complete  interaction  of  chemical  equivalents  of  different  sets  of 
substances,  and  therefore  diverse  differences  in  potential  are  created 
and  currents  of  different  e/ectromotive  force  are  produced.  The  electri- 
cal energy  used  in  the  former  case  or  produced  in  the  latter  is  expressed 
by  the  product  of  the  factors  : 

No.  of  coulombs  x  No.  of  volts  =  Quant,  of  elect,  energy  (in  Joules,  p.  26 ). 

If  we  consider  the  time  occupied  by  either  process,  and  wish  to  express 
the  rate  at  which  the  energy  ia  consumed  or  produced,  we  regard  1 
coulomb  per  second  ( 1  ampere)  as  the  unit. 
Hence : 

No.  of  amperes  x  No. )  _  (  Rate  of  production  or  consumption  of  eleo- 
of  volts  )  ~  (  trical  energy  (in  joules  per  sec.  =  watts). 

The  erg  (p.  25)  is  so  small  as  a  unit  of  energy  or  work,  that  the 
pottle  {=  10,000,000  ergs)  and  the  kllojoule  (1000  joules)  are  more  often 
employed.  Similarly,  the  rate  at  which  the  energy  is  delivered  or  used 
(the  power)  is  expressed  by  the  watt  (=  10,000,000  ergs  per  sec.)  oP 
the  ieilowatt  (1000  watta).    The  horse-powei  is  736  watts.    Thus 
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tlie  elePtrolyais  of  one  formula-weight  of  hydrochloric  acid  (36.5  ^ 
reriuifes  96,540  coulombs  {p.  3;;3)  and  an  E.M.F.  of  1.41  volts  (p.  32.t). 
The  electrical  energy  needed  to  perform  this  work  is  therefore  96,540 
•X  1.41  =  136,121  joules. 

Jtitiplncement  Celln. —  While  various  kinds  of  ebemical  changm 
may  be  arranged  to  deliver  electritiifcy,  we  shall  coufine  our  attemtion 
almost  entirely  to  actions  in  which  one  free  substance  displaces 
another  fi'om  combination.  Amongst  the  metala  the  order  of  displa- 
cing power  is  as  follows  (p.  3(>2)  : 

Mg-Zn-Cd-Fe-Sn-Pb-H-Cu-Hg-Ag-rt-Au. 

We  have  already  noted  many  of  the  single  facts  expressed  by  this  list 
Thus,  metallic  eopper  preeipitatos  metallic  mercury,  silver,  platinum, 
and  gold  from  solutions  which  contain  salts  of  these  eleinents,  but  it 
is  in  general  entirely  inactive  in  solutions  cont^uning  salts  of  the 
elements  which  precede  it  in  the  list.  Conversely,  all  the  metals  pn?- 
ceding  copper  will  soverally  precipitate  metallic  copper  from  a  solution 
of  a  cupric  salt,  but  the  metals  following  copper  do  not  affect  tbe 
solution  at  all.  Furthermore,  the  speed  with  which  the  precipitition 
is  cflfected  and  the  amount  of  heat  evolved  are  greater  when  copper 
precipitates. gold  than  when  it  precipitates  .silver:  they  are  also  grenter 
when  magnesium  precipitates  copper  than  when  tin  does  so.  Tl»e 
same  statements  apply,  mittfitis  mutandh,  to  each  of  the  other  ele- 
ments. This  is  the  Ireliavior  when  the  experiment  is  made  in  the 
ordinary  way. 

One  preliminary  condition  is  indispensable  when  electricity  is  to 
be  obtained.  When  the  zinc  was  placed  in  sulphuric  acid  and  con- 
nected with  a  platinum  wire  (p.  20),  there  was  nothing  to  prevent  the 
tiieU'il  from  interacting  directly  with  the  acid,  and  generating  heat.  In 
fact,  it  did  so  act.  Hydrogen  appeared  on  tlie  zinc  itself,  as  well  as  un 
the  platinum,  and  lioth  the  heat  and  the  electricity  would  have  had  tu 
be  counted  if  a  measurement  or  study  of  the  relation  between  the 
amfiunt  of  zinc  and  acid  used  and  the  quantity  of  energy  produceti  Lad 
been  in  qnestion.  Since  this  is  precisely  the  present  problem,  all 
the  energy  must  now  be  secured  as  electricity,  and  the  only  way  to 
accomplish  this  is  to  prevent  the  minf/flnff  of  the  interacthi'j  matrrialt. 
Paradoxical  as  it  may  seem,  it  is  easily  possible  to  get  the  electricity 
and.  yet  fulfil  this  essential  condition.  The  plan  in  all  battery-oells  is 
to  place  the  one  substance  in  or  around  one  pole,  and  the  other  aubstanoe 
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around  or  in  the  other  pole,  and  to  separate  the  substances  hy  a  porous 
wall  or  equivalent  aiTaDgement.  The  figure  (Fig.  102)  shows  dia- 
gi-auimatioally  the  plan  that  will  serve  for  the  geuevation  of  electricity 
by  t]ie  use  of  any  iuteraetiou.  ^ 

Supitoae  the  action  is  a  displacement,  and  that,  for  example,  the 
metal  is  zinc  and  the  salt  cuprio  sulpliate  in  solution.  The  pole  on  the 
left  is  metallic  zinc ;  the  solution  to  the  right  of  the  porous  partition 
eontaiiis  the  cupric  sidphate.  To  oomplete  the  arrangement,  a  pole 
mfule  of  some  conductor  is  neede-d 
oil  the  right,  and  a  conducting  solu- 
tion ou  the  left.  For  these,  any 
substances  may  be  chosen,  provided 
only  that  they  do  not  ititeract  teith 
ike  adjarcnt  material.  If  they  do, 
part  of  the  two  main  substances 
will  be  used  up,  with  generation 
of  heat  instead  of  electi'icity.  For 
the  pole  we  may  take  copper  itself 
or  any  metal  following  it  in  the 
series ;  and  copper  is  less  expensive 
than  any  of  these.  For  the  solution 
we  may  take  a  salt  of  zinc  or  of  any 

metal  preceding  zinc  in  the  series,  provided  that  the  salt  chosen  will 
not  interact  with  the  cupric  sulphate  which  it  meets  inside  the  porous 
wall.  Zinc  sulphate  or  sodiiun  chloride  will  serve  the  purpose.  The 
f  tmction  of  the  porous  partition  is  to  {wrwit  the  migration  of  ions,  but 
prevent  a  general  mixing  of  the  materials.  It  is  evident  that,  when 
the  eorresi>onding  conditions  are  oteerved,  any  other  pair  of  elements 
from  the  series  may  te  chosen  for  study.  In  practice,  it  is  common  to 
place  the  solution  of  the  substance  corresponding  to  the  cupric  sulphate 
along  with  its  electrode  in  an  outer  jar,  and  a  rod  of  the  more  active 
metal  along  with  its  conducting  fluid  in  an  inner  jar  made  of  porous 
earthenware.      The  following  are  the  phenomena  observed  : 

1.  The  pole  on  the  left  becomes  charged  negatively  on  account  of  the 
departure  of  positively  charged  ions  from  its  surface,  for  this  metal 
(zinc,  for  example)  goes  into  solution.  The  pole  on  the  right  becomes 
positively  charged  on  account  of  the  discharge  of  positive  ions,  and  de- 
position of  the  metal  (copper,  for  example)  on  its  surface.  A  current, 
therefore.  Hows  from  -|-  to  —  through  the  wire,  and  paasea  in  the  form 
of  migrating  ions  from  —  to  -|-  through   the   liquids.     The  negative 
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ions  simultaneously  drift  away  from  the  pole  where  t!ie  solBtiM 
is  losing  metal,  towards  the  pole  where  it  is  gaining  metal,  and  to 
the  balance  of  the  two  sorts  of  ions  ia  preserved  in  every  part  of  the 
liquids.  The  jjole  on  the  left  is  the  anode,  that  on  the  right  the  cath- 
ode. This  whole  state  of  affairs  continues  until  either  all  the  copper 
is  precipitated,  or  all  the  zinc  is  consumed. 

2.  The  difference  in  potential  (E.M.F.)  ia  not  affected  by  changes  in 
the  size  or  shape  of  the  poles  or  in  the  amounts  of  the  solutions,  proirided 
the  materials  are  not  changed.  It  is  very  noticeably  affected,  however, 
by  alterations  in  the  ooucentratioi»s  of  the  solutions.  In  particulv, 
an  increase  in  the  concentration  of  the  ions  round  the  cathcxie  (the 
Cn"  ions,  for  example)  increjtses  the  difference  in  potential.  It  seems 
to  assist  the  action  by  helping  to  force  the  ions  out  of  the  solution. 

3.  In  general,  the  magnitude  of  the  electromotive  force  is  greater 
the  farther  the  chosen  metals  are  removed  from  one  another  in  tlie 
series.  Zinc  with  cupric  sulphate  gives  a  greater  difference  in  poten- 
tia!  than  cadmium  with  the  same  salt,  but  a  smaller  one  tlian  zinc  with 
silver  nitrate.  The  .sum  oT  the  differences  in  potential  of  the  pain 
Zn-Cd",  Cd-Cu",  Cu-Ag',  is  exactly  equal  to  the  difference  of  the  paij 
Zn-Ag*,  provided  aolutiona  of  equivalent  ionic  concentration  are 
employed. 

4.  The  quantity  of  electricity  produced  depends  on  the  number  of 
equivalents  of  material  consumed.  The  strength  of  the  current  (the 
rate  at  which  the  electricity  is  developed)  depends  on  the  surface  of 
the  poles  and  other  circumstances  which  influence  the  rate  at  wliicit 
the  materials  are  able  to  undergo  chemical  change.  One  gram-equiva- 
lent of  the  active  metal  (say,  32.7  g.  of  zinc)  in  Ijecoming  ionized  will 
set  iu  motion  96,540  coulombs,  and  deposit  one  gram.€quivalent  of  thu 
less  active  metal  (say,  31.8  g.  of  copper).  If  this  amount  were  to  b6 
ionized  during  every  thirty  minutes  (  =  1800  seconds)  — and  plates  of 
great  siu-face  would  he  required  to  make  this  possible — the  cuirent 
strength  would  be  96,640/1800  =  63.6  amperes. 

Potential  Differenees  Produced  bff  the  Metaln  Sinfftff.  — The 

^^  facts  just  discussed  may  be  stated  in  various  ways.     For  example,  we 

^^h  may  say  that,  since  every  metal  (save  the  lost  of  the  series)  displac«a 

^^  some  other  metal  or  metals,  each  metal  has  a  distiiict  tendency  to 

I  become  ionic.     We  may  picture  this  as  a  pressure  or  tension  driving 

I  the  particles  into  solution,  and  actually  res\ilting  in  ionization  when 

I  the  necessary  electricity  is  available.     This  pressure  must  evidently 
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be  greatest  witli  magnesium,  and  least  with  gold.  On  the  other  hand, 
we  may  suppose  a  converse  tendency  of  the  ions  to  force  themselves 
out  of  aolution  and  to  deposit  themselves  on  the  cathode,  this  tendency 
aetually  becoming  continuously  operative  when  means  of  disposing  of 
the  electric  charges  is  provided.  This  tendency  is  evidently  greatest 
with  gold,  and  least  with  magnesium.  Now  the  use  of  cells  like  those 
descrilied  above  does  not  enable  us  to  verify  these  hj-potheses,  because 
in  each  cell  two  operations  are  going  on  simultaneously,  and  the  electri- 
cal effects  are  the  joint  result  of  both.  Fortunately  it  has  lieen  found 
possible  to  oteerve  and  measure  the  electrical  effects  at  each  end  of 
the  cell  separately.  It  is  found,  in  fact,  that  the  difference  in  poten- 
tial between  the  poles  is  for  the  moat  part  made  up  of  the  differ- 
ences in  potential  between  each  pole  aud  the  licjuid  in  which  it  is 
immersed. 

After  the  cell  has  been  in  operation  for  some  time,  the  cathode 
system  consists  of  a  pole  covered  with  deposited  metal  (say  copper)  in 
contact  with  a  solution  containing  ions  of  this  same  element.  At  this 
end  the  ions  are  diminishing  in  uumter,  and  the  amount  of  free  metal 
is  increasing.  The  anode  system  likewise  consists  of  a  metal  (say 
zinc)  in  contact  with  a  solution  containing  ions  of  the  same  eleu»ent. 
Here  the  number  of  ions  is  inere^ising,  and  the  metal  is  wearing  aw.^y. 
The  ions  of  the  foreign  salt,  if  such  a  salt  was  iutroduced  at  first,  need 
not  be  considered.  Thus,  for  the  pur[>09e  of  making  a  strict  compari- 
son, we  may  immerse  each  metal  of  the  series  in  a  solution  of  one  of 
its  own  salts,  taking  the  latter  of  such  strength  that  there  is  normal 
concentration  of  the  metallion,  and  measure  the  difference  in  potential 
between  the  metal  and  the  solution. 

The  following  table  (p.  G70)  contains  data  obtained  in  just  this  way. 
The  number  opposite  each  of  the  twenty-six  metals  (including  hydrogen) 
represents  tlie  potential  difference.  The  sign  preceding  the  number 
indicates  the  nature  of  the  electrical  charge  borne  by  the  solniion. 

Two  or  three  examples  will  make  the  meaning  of  the  table  clearer. 
Opposite  Mg,  we  find  -|-  1.21.  This  means  that  when  the  metal  mag- 
nesium is  immersed  in  a  solution  of  a  magnesium  salt  containing  a 
normal  concentration  of  Mg  ,  the  solution  becomes  positively  charged 
(the  metal,  negatively)  and  that  the  difference  in  potential  between 
metal  and  solution  is  1.21  volts.  Similarly  in  the  case  of  zinc,  the 
solution  is  positive,  but  the  potential  difference  is  smaller.  With 
copper  the  solution  is  negative  (and  the  metal  positive).  With  silver 
the  solution  is  negative,  and  more  strongly  so  than  with  copper.    Cobalt 
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is  near  the  border  line,  the  normal  solution  of  oobaltion  being  yetj 
slightly  negative. 

POTENTIAI.    DIFFERENCES    IN    VOLTS    FOR    NORMAL    SOLUTIOIiS 

OF  CATIONS. 


K 

(+  2.9  ) 

Ni 

-0.04 

Na 

(+  2.M) 

So  (Sn") 

-O.OSf 

Ba 

(+  2.64) 

Pb 

-0.18 

8r 

(+  2.4») 

H 

-0.2S 

Ca 

(+  2.28) 

Cu  (Cu") 

-0.01 

Mg 

+  1.81 

As 

-0.62? 

Al 

+  1.00 

Bi 

-0.87r 

Mn 

+  0.80  • 

Sb 

-  0.74  f 

Zn 

+  0.49 

Hg  (Hg") 

-1.08 

Cd 

+  0.14 

M 

-  1.06 

Fe  (Fe**) 

+  0.06 

Pd 

-  1.07  f 

Tl 

+  0.04 

Pt 

-  1.14  ? 

Co 

-0.04 

An 

-1.86? 

For  a  hydrogen  pole  a  piece  of  palladium  saturated  with  hydrogen 
gas  is  used.  The  values  for  the  metals  which  decompose  water  with 
ease  caimot  be  ascertained  by  direct  observation.  The  numbers  in 
parentheses  are  calculated  from  the  heats  of  ionization  and  serve 
simply  to  indicate  the  order  of  these  elements.  An  interrogation 
point  indicates  that  the  value  is  uncertain. 

These  facts  enable  us  to  state  in  more  definite  terms  the  formula- 
tive  hypothesis  foreshadowed  above.  It  was  first  put  forward  by 
Nernst. 

Every  metal  has  a  certain  solution  tension  or  pressure  tending  to 
drive  it  into  solution  (in  ionic  form,*  of  course,  since  it  is  not  soluble 
otherwise).  The  value  of  this  pressure  becomes  rapidly  less  as  we 
pass  through  the  series  from  magnesium  to  gold.  If  the  ions  of  the 
same  metal  are  already  present,  they  tend  to  give  up  their  electrical 
charges  and  deposit  themselves  upon  the  metal.  These  two 
tendencies  oppose  one  another  just  as  solution  pressure  and 
osmotic    pressure     oppose    one   another    in    the    ordinary    process 

*  The  idea  of  the  charge  of  electricity  is  apt  to  interfere  with  the  ready  accept- 
ance of  this  hypothesis.  If  it  is  remembered  that  the  ionic  form  of  an  element  is 
simply  an  alloiropic  modification  (Ostwald)  with  a  different  amount  of  available 
energy,  the  difficulty  disappears.  In  the  ionic  allotrope  the  free  energy  is  some- 
times greater  (cobalt  to  platinum)  and  sometimes  less  (potassium  to  thalliom)  than 
in  the  free  element. 


of  dissolving  any  substance  (p.  162).  Wlien  the  tendency  of 
the  ions  to  deposit  themselves  is  the  greater  of  the  two,  a  very  minute 
excess  of  deposition  over  solution  occurs,  and  thus  the  solution  has,  as 
a  whole,  a  negative  charge  (ha\'ing  lost  some  positive  ions),  and  the 
metal  has  a  positive  charge  {having  acquired  it  from  the  deposit  of  a 
few  ions).  This  is  the  case  with  gold  and  the  metala  as  fai-  up  the 
list  as  cobalt.  When,  on  the  other  hand,  the  solution  pressure  of  the 
metal  is  the  greater  of  the  two,  the  solution  acquires  a  very  slight  excess 
of  positive  ious,  and  is,  therefore,  positively  charged  when  compared 
with  the  metal.     This  is  the  case  from  potassium  down  to  thallium. 

The  measure  of  the  "tendency  of  the  ions  to  deposit  therasolvcs  " 
is  simply  the  osmotic  pressure  of  the  metallions.  We  perceive  this  to 
be  the  case,  for,  when  we  take  a  stronger  solution  of  the  salt  and  there- 
fore an  ijTcreafled  osmotic  pressure  of  the  ions,  an  instant  effect  is  pro- 
duced. The  solution  becomes  less  positive,  or  more  negative,  as  the 
case  may  be.  Evidently  the  solution  pressure  of  each  of  the  metals 
near  to  cobalt  is  almost  exactly  balanced  by  the  osmotic  pressure  of  a 
normal  solution  of  the  ions  composed  of  the  same  metal.  This  pressure, 
for  a  univalent  metal,  is  22.4  atmospheres  (p.  289),  and  for  a  bivalent 
metal  11.2  atmosjiheres.  The  metals  alwive  cobalt  have  solution  press- 
ures higher  aud  higher  above  this  norm  ;  those  below  cobalt  have  solu- 
tion pressures  farther  and  farther  below  it.  The  effect  of  changing  the 
osmotic  pressure  is  independent  of  the  particiilar  substances  used,  and 
dcjjends  only  on  the  valence.  When  the  concentration  of  the  metallion 
becomes  lOiV,  0.058  volts'  must  be  subtracted  (algebmically )  from  the 
potential  (see  above  table)  of  the  liquid,  if  the  metallion  is  univalent. 
If  it  is  n-valent,  0.058/n  must  be  subtracted.  When  the  solution  is  0,1 
iV,  0.058/M  volt  must  be  added ;  when  it  is  0.01  N,  2  x  0.068/m  must  be 
aflded,  and  so  forth.  Thus,  zinc  with  deci-normal  zincion  gives  -J-  0.49 
-|-  0,058/5  =  .52  volts,  ap])ro.ximateIy  ;  silver  with  centinormal  argent- 
ion  gi  vies —1.05  +  (2  X  0.058)  =  —  .93  volts,  approximately.  And,  in 
general,  if  r  be  the  equivalent  concentration  of  the  metallion  in  the 
liquid  under  consideration,  and  jr^  the  electrical  potential  of  that  liquid, 
while  wjf  is  tlie  potential  of  the  liquid  containing  N  metallion. 
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Application  to  Cetltt.  —  When,  now,  a  cell  with  two  poles  and  fii'o 
metallions  is  set  up,  we  can  tell  from  the  above  table  what  the  differ 


eixce  in  potential  between  the  two  poles  wiU  be.  We  may  regard  the 
two  syatBius — the  aiiixiif  and  cathodiu  —  as  working  against  each  other. 
'Each  metal  tends  to  project  its  ions  into  the  solution  and  to  general* 
a  positive  cmrent  in  the  liquid  and  a  negative  one  in  the  wire.  U 
both  solutions  are  nonnal,  or,  ia  general,  of  equal  equivalent  ooncea- 
tration,  the  relative  solution  pressmes  of  the  metals  decide  the  direc- 
tion of  the  resultant  current,  and  its  magnitude  will  be  the  differmet 
of  the  two  e£Fei!ts.     Thus,  the  values  for  the  following  pairs  will  be : 

Zu-Cd",   4-0.49-(  +  0.14)=+0.35,     Zinu  the  negative  pole. 
Cd-Cu",    +0.14- (—0.61)= +0.75,     Cadmium  the  negative  pole. 
Zn-Cii ' ",   +  0.49  -  (  -  O.Cl )  =  + 1 . 1 ,       Zinc  the  negative  pole. 

The  Daniel)  or  gravity  cell  (Fig.  103)  represents  the  last  of  these 
three  combinations.     The  cupper  pole  is  at  the  bottom,  and  the  zinc 

plate  is  suspended  above  it. 
The  cell  is  charged  with  a  dilute 
solution  of  sodium  chloride,  and 
blue  vitriol  crystals  are  thro^Ti 
in  and  dissolve.  So  lung  as 
the  cxintenta  are  not  disturbed, 
the  solutions  require  no  porous 
septum  to  keep  them  apart.  It 
is  true  that,  when  the  current 
is  not  being  used,  and  the  cell 
ia  not  working,  the  cupric  sul- 
phate diffuses  upwards.  Ehiriug 
the  time  that  tije  circuit  is 
closed,  however,  the  effects  uf 
diffusion  ai-e  nulUlied  by  the 
migi-ation  of  the  cuprion  away 
from  the  zinc  and  towards  the 
positive  pole.  The  actual  eleo- 
tiomotive  force  of  the  current  delivered  by  thia  cell  is  a  little  over 
1  volt,  and  accords,  therefore,  with  the  value  caluulatetl  from  the  poten- 
tial difference  observed  at  each  of  the  two  poles. 

The  cell  Zn-H'  (0.T7  volts)  works  without  a  septum,  provided  the 
direct  action  of  the  zinc  on  the  acid  is  minimized  by  adequate  amalgar 
mation  with  mercury.  It  gives  a  very  inconstant  electromotive  force, 
however,  because  the  platinum  plate  used  as  the  cathode  becomes  cov- 
ered with  bubbles  of  hydrogen,  and  so  the  internal  resistance  of  the  oell 
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is  greatly  increased.  The  jiolarizatittu  (p.  324)  also  iliiuin^shes  l.lre 
eleutromotive  force.  These  diflicalties  are  remedied,  and,  in  faut,  a 
great  increase  in  the  E.J1.F.  of  the  cell  ia  effected,  by  surrounding  the 
cathode  with  an  oxidizing  a^eut  which  shall  convert  the  hydrogen  into 
water.  The  euergj'  obtamable  is  thus  tkit  of  a  strong  oxidising  agent. 
ou  zinc,  and  not  merely  that  of  an  acid,  In  the  Bunsen  cell  the  ciitU- 
ode  is  a  carlwn  block  surroutidud  by  cont-entrated  nitric  acid.  In  llu- 
dlcbroiiLate  battery  it  is  a  carton  block  with  chromic  atiid.  Each  hI' 
these  cells  gives  an  E.M.F.  of  1.9  volt.'?.  In  the  Lectanche  cell  the  cafli- 
ode  is  a  mixture  of  carbon  and  manganese  dioxide,  aiul  the  Ibiid  is  a  so- 
lution of  animouium  chloride  from  vvhich  the  zinc  ilisjdaccs  liy<lri.igcn. 
The  dioxide,  being  solid,  oxidiijes  the  hydrngon  slowly,  and  the  cell  I'an 
lie  used  for  only  a  few  minutes  at  a  time  without  Ix'coming  polaiizotl. 
The  E.M.F.  is  1.48  volts.  Dry  oella  are  of  tlie  same  luiture,  Init  con- 
tain a  porous  solid  which  holds  the  li(|uid  by  capillary  forcea  (for 
Accumulators,  sec  under  Lead). 

A  cell  is  thus  an  engine  for  the  direct  transformation  of  chemical 
into  electrical  energy,  just  as  a  ateuni-cngine  transforms  chemical 
energy,  by  several  stages,  it  is  true,  into  mechanical  ctiergy.  Accord- 
ing to  our  hypothesis  the  cell  is  driven  by  pressui'e-Jiitforences  in  the 
materials  in  and  around  the  two  poles. 

Other  AppllcfitioUH  :  Coti/tleti:  (Jottrentrntinn  Vvlt».  —  Wc  are 

now  in  a  position  to  iiudcr.Mtand  the  effect  of  a  coupls  (p.  Wrt).  Zinc, 
in  contact  with  platinum  or  copper  and  immersted  in  acid,  is  practically 
a  short-circuited  cell,  and  it  is  found  that,  fur  Home  nndetermincil 
reason,  hydrogen  is  liberated  more  readily  from  the  surface  of  the 
platinum  or  copfier  than  from  that  of  the  ziac.  Again,  gnlvanized  iron 
is  also  a  couple.  The  zinc  is  tlie  anode,  and,  when  dilute  carlwnic  acid 
re^ts  on  a  damaged  part  of  the  surfafje  of  a  sheet  of  the  material,  juid 
is  in  contact  with  both  metals,  the  zinu  is  lonixed  and  pusses  into 
combination  as  carlwuate.  The  iron  ia  tde  catluKlc  and  \a  not  affected. 
On  the  other  hand,  a  damaged  tin-plate  (tin  on  iron)  is  rapidly  rusled. 
Here  iron  is  the  anode,  and  goes  into  combination,  while  the  tin  is  the 
cathode.  The  ferrous  carbonate  {q.v.),  at  first  formed,  is  suljserpiently 
oxidized  and  gives  rust. 

When  two  strips  of  a  metal  are  immersed  together  in  a  solution  of  a 
salt  of  the  same  metallic  element,  —  for  example,  two  rods  of  tin  in  a 
normal  solution  of  stannous  chloride,  —  the  pieces  of  rm-Ul  show  do 
difference  in  potential  and  no  current  flows  when  they  arn  contM- 
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by  a  wire.     The  two  poles  and  their    solutions  are  here   alii 
—.07— (—.07)  =  0.*     But  if  the  solution  round  one    pole    is  c 

to  N/10  concent  ration,  the  poteuti^il  at 
that  pole  becomes  at  once  —  .07  +  .058/2 
=  —  .04  voltSj  approximately,  and  a  cur- 
rent is  set  up..  The  positive  rurrent 
floTvs  from  tlie  pole  in  the  stronger  solu- 
tion through  the  'wire  to  that  in  Ih* 
dilute  solution,  .<ind  thenue  througJi  the 
liquid.  Thus,  tin  is  dissolved  from  Ui« 
latter  pole  (the  anode),  and  the  conceiitA' 
tioii  of  the  solution  round  it  is  iucreased. 
Ou  the  other  hand,  tin  is  dcpf»sited  in 
long  needle.s  ou  the  former  pole  (the  cath- 
ode), aiul  the  concentration  in  it.s  neigh- 
borhood is  correspondingly  decreased. 
The  figure  (Fig.  104)  shows  the  simplest 
arrangement,  where  the  more  couceo- 
trated,  denser  liquid  i.'?  below,  and  one  rod 
of  tin,  passing  through  lioth  layers,  fur- 
nishes at  once  the  two  poles  and  the  eou- 
nection.  The  chloridion  migrates  tlirough  the  solution,  in  a  directioa 
opposite  to  that  taken  by  the  tin  ions,  and  thus  passes  upwards  into 
the  dilute  solution  to  bahince  the  fresh  tin  ions  that  are  continuously 
formed.  All  change  ceases  when  the  eoucentrations  have  becoiue 
equalized.     A  cell  of  tliis  kind  is  called  a  oouoentratton  cell. 

The  concentration  cell  is  instrnctive  because  it  shows  that  the  order 
of  the  metals  in  the  electromotive  series  is  not  determined  by  the  metal 
alone,  but  also  liy  the  concentration  of  the  solution.  The  order  of  the 
metals  in  the  electromotive  series  is  therefore  subject  to  ^'ariation.  An 
extreme  case  of  tliis  occurred  in  a  recent  chapter.  Zinc  displaces  cop- 
j>er  from  a  solution  of  a  eupric  (or  cuprous)  salt,  and  any  but  a.  prodi- 
giously dilute  solution  will  show  the  effect.  But  a  solution  containing 
cuprocyauion  Cu(CN),'  has  precisely  this  very  minute  concentration  of 
copper  ions  which  will  turn  the  scale.  Hence,  zinc  will  not  displace 
copper  from  this  solution  (p.  624).  On  the  contrary,  copper  will  dis- 
place zinc  from  a  solution  of  a  salt  of  the  latter  containing  excess  of 
potassium  cyanide,  and  therefore  the  complex  salt  K.Zn(CN)y 

■  Id  copper  refiuing  (p.  017),  Lhe  stale  of  equilibriuin  is  destroyed  md  Ik* 
acal«  turned  by  the  introductinu  of  a  current  of  low  E.M.F.  from  a  dyii&mo. 


The  solublliticB  of  inBoluble  salts,  such  OS  those  of  Bilver  (]).  630), 
bava  also  been  measured  an  the  {iriticiple  of  tlie  above  tin  cell.  If  a 
saturated  solutiou  of  silver  chloride  is  plai-od  round  one  pole  of  silver, 
and  normal  argention  (say  from  silver  nitrate)  round  another,  a  con- 
centration cell  of  high  E.M.F.  is  formed.  The  magnitude  of  the 
difference  in  potential  enables  us  at  once  to  calculate  the  ratio  of  the 
concentrations  of  argention  round  each  pole,  and  therefore  to  get  at 
the  concentration  of  the  silver  chloride  solution. 


Electrolj/ais  :  Oigeharffluff  PotetMnlH,  —  Ajiotlier  kind  of  cell 
may  Iw  made  by  phicing  a  lod  of  tin  {w  any  other  metal)  in  an  elec- 
trolyte on  one  side  of  a  porous  septum  (say  on  the  left  side  of  the  cell 
shown  in  Fig.  102),  and  chlorine  water  on  the  other.  An  indifferent 
ionogen  (say  KCl)  must  be  used  on  the  riglit  side  also,  because  chlorine 
water  is  not  a  good  conductor.  A  platinum  plate  is  likewise  re(][uired 
as  a  pole  at  this  end.  With  this  arrangement  the  tin  becomes  ionized 
and  renders  its  pole  negative.  Simultaneously  the  chlorine  in  contact 
with  the  platinum  becomes  ionic  and  leaves  the  other  pole  positive. 
Thus,  a  current  of  considerable  E.M.F,  flows  from  the  platinum  pole 
to  the  tin  pole  through  the  wire.  Tin  ions  and  chlorine  ions  are 
formed,  and  therefore,  potentially,  tin  tvbloride.  Hut  it  will  be  noted 
again  that  the  materials  have  to  be  kept  apart,  otherwise  direct  union 
and  mere  heatrproduction  will  result. 

Now  it  will  be  recalled  (p.  324)  that  when  a  salt  is  eleotrolyzed, 
the  materials  liberated  on  the  electrodes  genei-ate  a  counter  current, 
called  the  polarizatloa  current,  which  it  i-s  the  business  of  the  electro- 
lyzing  current  to  overcome.  It  wiU  now  be  clear  that  the  cell  just 
described  is  identical  with  the  arrangement  which  would  result  from 
electrolyzing  tin  chloride.  The  amount  by  which  the  E.M.F.  of  the 
electrolyzing  current  is  cut  down  (p.  324)  by  the  polarization  current 
is  exactly  equal  to  the  potential  of  a  cell  like  the  above  containing  the 
same  elements.  The  minimiim  difference  in  jiotential  wbicli  will  de- 
compose an  electrolyte  is  called  the  discharging  potential  and  is  nu- 
merically equal  to  the  E.M.F.  of  the  oorrespouding  battery-cell,  but  of 
opposite  sign.  Furtl  term  ore,  since  the  potential  of  a  cell  is  matle  up 
of  two  simple  potentials,  the  discharging  potential  miist  lie  made  up  of 
the  same  two  (discharging)  potentials.  Thus,  with  the  help  of  a  list 
of  anions  and  their  single  potentials,  we  can  calculate  at  once  the  total 
E.M.F,  required  to  electrolyze  auy  salt.  K  few  pf  thtj  values  are  as 
follows : 
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POTENTIAL   DIFFERENCES  FOR  ANIONS  (IN   VOLTS). 


I 

-0.80 

OH 

-  1.96 

Br 

-  1.27 

SO, 

-2.2 

0 

-  1.36 

HSO. 

-2.9 

CI 

-1.69 

As  before,  the  anode  potential  is  supposed  to  work  against  the  cathode 
potential  and  is  subtracted  from  it.  Thus,  the  tin-chlorine  cell  pro- 
duces —0.08 -(—1.69)  =  1.61  volts,  and  this  E.M.F.  will  just  suffice 
to  electrolyze  tin  chloride.  Similarly,  hydrochloric  acid  will  require 
at  least  -  0.28 -(-  1.69)  =  1.41  volts,  zinc  sulphate  0.49  —  (-  2.2) 
=  2.69  volts. 

Oxygen  acids  like  sulphuric  acid  show  a  trace  of  decomposition  at 
1.08  volts  (  =  —0.28— (  —  1.36)),  and  a  noticeable  but  still  small  decom- 
position at  1.68  volts  (=  -0.28 -(  —  1.96)),  due  to  the  H*  and'O"  and 
the  H*  and  OH'  respectively.  But  it  is  only  when  the  E.M.F.  reaches 
the  values  for  H"  and  SO/',  and  H*  and  HSO/,  namely,  1.92  and 
2.62  volts,  that  rapid  electrolysis  begins.  This  observation  answers, 
incidentally,  the  question  wliether  in  the  so-called  "  electrolysis  of 
water,"  when  dilute  sulphuric  acid  is  used,  it  is  the  water  or  the  acid 
that  is  decomposed.  The  H*  and  OH'  decomposition  at  1.68  volts  is 
very  slight,  Ixicause  of  the  small  concentration  of  the  OH',  and  a  lens 
is  required  for  its  recognition.  The  more  vigorous  action  resulting 
from  the  discharge  of  SO/'  and  HSO/  by  the  use  of  2-3  volts  is 
therefore  the  one  invariably  used. 

In  view  of  the  foregoing  facts,  it  is  probably  most  correct  to  say 
that  when  dilute  sulphuric  acid  is  electrolyzed,  e.g.  as  a  lecture 
experiment,  the  oxygen  lil)erat(Hl  at  the  anode  comes  mainly  from  a 
secondary  interaction  of  the  discharged  material  of  the  anions  with 
the  water  (p.  95).  A  minute  proportion  of  the  oxygen  in  such  an 
experiment  does  arise  from  primary  electrolysis  of  the  water,  but  this 
effect  of  the  current  is  in  itself  too  slight  to  be  visible  at  a  distance. 
When,  on  the  other  hand,  the  solution  electrolyzed  contains  a  salt  of 
sodium,  and  liydrogen  is  liberated  at  the  cathode,  this  gas  must  prob- 
ably be  regarded  as  coming  chiefly  from  primary  electrolysis  of  the 
water.  The  discharging  potential  for  sodium  chloride  should  be  +  2.54 
—  (—1.69)  =  4.23  volts,  and  with  the  help  of  a  mercury  cathode  a 
sodium  amalgam  is  easily  obtained  (p.  554).  But  it  will  be  found 
that,  with  platinum  electrodes,  hydrogen  and  chlorine  are  liberated 
freely  from  a  solution  of  salt  by  a  current  of  little  more  than  half  the 
above  mentioned  E.M.F.     The  positive  electricity  is  carried  in  the 
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liquid  mainly  by  the  very  numerous  sodium  inns.  But,  apparently, 
when  these  ions  reach  the  cathode,  the  poteutial  difference,  being 
insufficient  to  discbarge  the  natrion,  liberates  the  iiydriou  of  the  water 
instead.  Thus  tbe  accumulating  hydroxidioii  of  the  water,  and  the 
uatnon  arriving  by  migration,  together  constitute  the  sodium  hydroxide 
■which  is  another  product  of  this  electrolysis.  With  higher  E.M.F. 
and  sufficient  current  density,  natrion  is  doubtless  actually  discliarged, 
and  in  that  case  a  part  of  tbe  hydrogen  liberated  ia  furnished  by  tbe 
interaction  of  tbe  metal  with  the  water. 

Tbe  ordinary  chemical  behavior  of  the  lialogens  accords  with  the 
order  of  their  potential  diiferences.  Bromine  displaces  iwline,  and 
chlorine  displaces  both  (p,  3fil).  Chlorine,  however,  does  not  displace 
easily  perceptible  amounts  of  oxygen  from  water,  liecause  of  tbe  small 
concentration  of  the  O"  (obtained  by  secondary  ionization  of  the 
OH').  The  oxygen  freely  lilieratcd  in  sunlight  conies  frotu  the  de- 
composition of  the  HCIO  (p.  269).  Fluorine,  however,  which  wmdd 
probably  show  a  potential  difference  below  that  of  the  much  more 
plentiful  OH',  displaces  oxygen  vigorously  by  discharging  this  ion. 

In  electrolyzing  a  mixed  solution  with  a  mmlerate  current,  the 
cations  and  anions  with  the  lowest  discharging  potentials  are  first 
liberated.  Thus,  silver  {—  1.05)  appears  before  copper  (—  0.6). 
Hence,  in  copper  refining  (p.  617),  the  copper,  of  which  there  ia  a 
continuous  supply,  is  deposited,  and  the  more  active  metals  remain 
combined.  Indeed,  the  E.M.F,  used  is  not  sufficient  in  any  case  to 
discharge  thenu 

The  Facto  PS  of  Eiiergf/.  —  We  have  seen  that  the  amount  of  a 
given  supply  of  electrical  energy  ia  descrilied  by  two  factors,  the 
E.M.F.  and  the  quantity  of  electricity,  and  that  the  weight  of  material, 
which,  by  its  iufluence,  undergoes  a  given  chemical  change,  is  propor- 
tional solely  to  this  second  factor.  On  the  other  hand,  tlie  question 
whether  tbe  supply  of  energy  can  ijiitiate  the  rhanrie  at  all  depends  on 
tbe  magnitude  of  tbe  iirst  factor  alone  (p.  324).  Tbe  tota.1  amount  of 
available  energy  does  not  influence  the  result  if  the  E.M.F.  is  not  above 
a  certain  minimum,  which  differs  from  ca.se  to  c^ise.  Now  the  same  is 
true  of  other  kinds  of  energJ^  The  quantity  of  each  may  be  expressed 
as  the  product  of  an  IntonHity  factor  and  a  capacity  factor.  The  mag- 
nitude of  the  former  determines  whether  the  energy  can  be  trans- 
ferred or  transformed  or  not.  Heat  energj*,  no  matter  how  much  of  it 
is  at  hand,  caji  neither  flow  nor  be  traiialormed  into  work  unless  the 


INORGANIC  CHEMISTRY 

source  ia  at  a  higher  temperature  than  the  surroiindings.  A  bead  of 
water  will  do  work  only  when  it  is  Gonnected  with  a  receptacle  at  a 
lower  level.  It  is  the  pressure  of  the  water  that  determines  its  avail- 
ability.    The  E.M.F.  is  the  corresponding  factor  of  electrical  energy. 

Now  we  may  presume  that  chemical  energy  can  be  expressed  by 
two  factora.  One  of  these,  the  capacity  factor,  must  be  proportional 
to  the  quantity  of  material,  in  other  words,  to  the  number  of  chemical 
equivalenta.  The  other  is  the  chemical  potential.  A  chemical  change 
which  does  not  take  place  on  a  small  scale  will  not  take  place  when 
more  material  is  used,  provided  the  relative  amounts  of  the  interact- 
ing substances  and  the  conditions  remain  unchanged.*  We  haTe,  in 
fact,  been  assuming  all  along  that  this,  the  capacity  factor,  is  not 
the  most  signihcant  one.  But  wo  have  devoted  ourselves  to  noting 
such  things  as  these  :  that  chlorine  will  displace  bromine,  and  there- 
fore has  the  higher  poteatial  of  cheuiical  energy ;  that  magnesium 
reduces  sand,  while  hydrogen  does  not,  and  that  magnesium  is  therefore 
a  more  active  reducing  agent ;  and  that  hypochlorous  acid  will  oxidise 
indigo,  while  free  oxygen  will  not,  and  is  therefore  a  more  powerful  oxi- 
dizing agent.  When  we  were  comparing  degrees  of  activity,  therefore, 
we  were  really  trying  tfl  describe  the  relative  potential  of  the  chemical 
energy  in  all  sorts  of  substances.  At  present  the  state  of  the  sciecce 
permits  this  to  be  done  in  most  eases  in  a  rough  fashion  only. 

Since  the  capacity  factor  of  chemical  energy  is  proportional  to  the 
number  of  equivalent  weights  transformed,  and  the  capacity  factor  of 
electrical  energy  is  proportional  to  the  same  thing  (Faraday's  law),  it 
follows  that  the  intensity  factor  of  the  chemical  energy  {the  chemical 
potential)  in  a  given  substance  undergoing  a  given  change,  must  be 
proportional  to  the  corresponding  factor  (the  E.M.F.)  of  the  electrical 
energj'  produced  when  the  same  change  takes  place  in  a  suitable  cell. 
The  potential  differences  described  above  are  therefore  often  much  more 
significant  than  are  the  results  of  thermouhemical  measurements,  for 
the  latter  attempt  to  give  only  the  gross  quantity  of  chemical  energ)' 
(in  terms  of  the  equivalent  amount  of  heat  energy),  and  not  the  values 
of  the  factors.  The  potential  differences  come  nearer,  therefore,  to 
giving  U3  absolute  values  for  chemical  activity  than  do  any  other  data 
we  possess. 

As  we  have  noted  before  (p.  78),  in  spite  of  tlie  enormous  range 
of  temperature  at  our  disposal,  extending  to  a  point  far  above  2500'^  in 

*  Cliauge  ii)  concentrotioD,  however,  does  affect  activiiy,  and  therefore  aodi- 
fies  the  chBinlcal  potential. 
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the  electric  furnace,  there  ai'e  many  subatanees  for  whose  decomposition 
!i  sufficiisiit  potential  of  heat  energy  is  not  available.  On  the  other 
hand,  amoagst  substances  that  are  capable  of  furnishirtg  an  ele<!tTo- 
lyte,  when  dissolved  in  a  suitable  solvent  or  when  fused,  there  are  few 
that  are  not  decomposable  by  a  current  with  an  E.M.F.  of  leas  than  10 
volts.  Hence  even  the  elements  whieh  give  the  most  stable  compounds 
and  are  the  most  difficult  to  isolate,  such  as  calciuiu  and  aluminium, 
are  liberated  by  electrical  methods  with  extreme  ease. 


Methodn  of  MeanufiHg  Chemical  Activity.  —  The  following  is 
a  aummary  of  the  methods  of  meaaurtng  chemical  activity. 

The  tbermoohemical  method  (p.  79)  can  be  used  in  every  chemi- 
<'al  change.  But  the  heats  of  reaction  represent  the  free  energy,  and 
therefore  the  affinity,  only  when  the  beat  capacity  of  the  products  is 
equal  to  that  of  the  factors  and  no  changes  in  concentration  arise. 

For  measuring  the  activity  of  aoida  in  dilute  solution,  several 
methods  have  been  mentioned  :  The  speed  of  interaction  of  different 
acids  with  the  same  metal  (p.  347) ;  the  acceleration  of  the  speed  of 
hydrolysis  of  ethyl  acetate  (p.  504)  and  of  cane-sugar  (p.  600)  by 
different  acids ;  the  amounts  of  insoluble  salts,  such  as  calcium  oxa- 
late (p.  598),  or  zinc  sulphide,  which,  when  the  system  has  reached 
equilibrium,  are  found  to  have  been  decomposed  by  different  acids  under 
like  conditions  ;  the  relative  extents  of  the  hydrolysis  of  salta  of  differ- 
ent weak  acids  (p.  344) ;  the  electrical  conductivity  (p.  325)  and  the 
freezing-  and  boiling-points  of  solutions  of  acida  (pp.  292,  293).  These 
last  measure  by  physical  methotls  the  same  thing  that  the  others  de- 
termine by  chemical  means,  namely,  the  tendency  to  ionistatiou  on 
which  the  activity  of  acids  depends  (p.  347,    See  also  p.  356). 

For  measuring  the  activity  of  baBcs,  we  have  ;  The  relative  speeds 
of  saponification  of  esters  l>y  different  bases  {p.  505);  the  relative  ex- 
tents of  the  hydrolysis  of  salts  of  different  weak  bases  (p.  344) ;  the 
conductivity  and  the  freezing-  and  boiling-point  methods,  which  meas- 
ure by  physical  means  the  tendency  to  ionization. 

For  measuring  the  relative  activities  of  metale  and  non-metals, 
we  have  :  The  single  potential  differences  (pp.  G70,  676)  ;  and,  for  the 
former,  the  speed  of  interaction  of  different  metals  with  the  same  acid 
(p.  111). 

For  measiiring  the  relative  aotiTlty  la  non-re veraibla  aotiona,  we 
have :  The  speed  with  which  the  actions  take  place  under  like  con- 
ditions (p.  250). 
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For  measuring  the  relative  acttvitiea  of  the  opposed  actioiu  is 
reversible  changeH,  we  have  :  Tht*  ruiicetitrations  of  the  materials  re. 
mainiug  when  eqiiilibriiun  has  been  reached  (p.  254).  The  relative 
activities  iu  different  reversible  ohanges  may  also  be  ascertaioed  bj 
comparing  the  coneentratiuns  ia  oue,  at  equilibriuui,  with  thofle  in 
another  (ff,  j).  157), 

For  measuring  the  relative  activities  of  osidlziiig  and  redticiiis 
aeenta,  we  have :  Tha  potential  cliilereDces  in  eells  arranged  after  tb« 
luaiiiier  of  the  Bunsen  and  Leelanch^  cells  (p.  (>73). 

If  we  consider  the  whole  mass  oC  pheuomeua,  it  must  be  admitted 
that  the  scientific  study  of  the  quantities  of  material  has  reached  a  i&t 
higher  level  of  exactness,  and  has  very  much  more  nearly  euvelojied 
the  whole  field  covere<i  by  the  science,  tliau  has  the  study  of  itdative 
activity.  Yet  it  is  evident  that  within  the  past  few  years  substantial 
advances  have  been  made  in  this  direction  also. 

Ejcefcisnit, —  1.  What  will  be  the  E.M.F.  of  each  of  the  following 
cells  when  each  of  the  met-allious  is  present  in  normal  eoncentratiou : 
Mu^Cu",  Cd— Pb"? 

2.  "What  will  be  the  E.M.F.  of  a  concentration  cell  in  which  the 
poles  are  of  lead  and  the  plumbion  is  one  hundred  times  more  eoneen- 
ti-ated  round  one  pole  than  round  the  other  ? 

3.  What  will  l)e  the  discharging  potential  for  solutions  of  the 
following  substances,  if  we  assume  that  the  concentration  of  the  ions  is 
normal ;  manganous  chloride,  hydrogen  bromide  ? 

4.  What  weight  of  alnminiuiu  must  become  ionized  every  hour  in 
a  cell  in  order  that  a  current  of  five  amperes  strength  may  be  produtjed? 
What  would  be  the  K.M.F,  of  the  current  if  an  acid  with  normal  con- 
ceritratlon  of  hydfion  surrounded  the  cathode  and  a  solution  of  normal 
aluminion  the  anode  ?  How  would  this  E.M.F.  be  affected  if  the 
aluminion  was  only  one-hundredth  normal  ? 


CHAPTEB    XXXIX 

ALUMINrUM  AND   THE   METAI.S    OF   THE   EARTHS 

The  fourth  column  of  the  penodin  table  (p.  411)  coutaius  lioion  and 
almninimn  along  with  a  number  of  rare  elements.  The  chief  members 
of  the  family  are;  boron  (B,  at.  wt,  11),  altuninivim  (AI,  at.  wt.  27. 1), 
gallium  (Ga,  at.  wt.  70),  iodiiim  (In,  at.  w-t.  115),  thallium  (Tl,  at.  wt. 
204,1),  all  on  the  right  side  of  the  column,  and  scandium  {Sc,  at.  wt. 
41.1),  yttrium  (Yt,  at.  wt.  S9),  lanthanum  (La,  at.  wt.  I.*i8.9},  samarium 
(Sa,  at.  wt.  150.3),  and  ytterbium  (Yb,  at  wt.  173)  on  the  left  side. 
These  elements  are  all  trivaleut. 


The  Bare  Elements  of  thin  Family,  —  The  oxide  and  liydroxide 
of  boron  are  aetdie  (p.  527).  Those  of  aluminium  ( Al(OH)j),  gallium 
(Ga(OH),),  indium  (In(OH),),  and  thallium  (TIO.OH)  are  basic,  but 
behave  also  as  adds  towards  strong  bases, 

G-allium  and  indium  oci'ur  occasionally  in  zinc-blende,  and  were 
discovered  by  the  use  of  the  spectroscope.  The  former  takes  its 
name  from  the  country  (France)  in  which  the  discovery  was  made,  and 
the  latter  from  two  blue  lines  shown  by  its  spectrum.  Indium  gives 
a  complete  series  of  compound.'*  in  which  it  is  trivalent,  and  the 
chlorides  InCl  and  IiiCl,  are  also  known. 

Thallium  is  found  in  some  specimens  of  pyrite  and  blende.  It  was 
discovered  by  Crookes  by  means  of  the  spectroscope  in  the  seleniferous 
deposit  from  the  tinea  of  a  sulphuric  acid  factoiy.  It  received  its 
name  from  the  prominent  green  line  in  its  spectrum  (Gk.  doAAot,  a 
green  twig).  It  gives  two  complete  series  of  compounds.  In  tliose  in 
which  it  is  trivalent  (thallic  salts),  it  resembles  aluminium  (?.''.),  Thus, 
the  salts  of  this  series  are  more  or  leas  bydrolyzed  by  water.  Univalent 
thallium  recalls  Iwth  sodium  and  silver.  Thallous  hydroxide  {TIOH} 
is  soluble,  aud  gives  a  strongly  alkaline  solution.  The  chloride  is 
insoluble  in  cold  water.  The  solutions  of  the  thallous  salts  are  neutral. 
The  metal  is  displaced  from  its  salts  by  zinc. 

Of  the  elements  on  the  left  side  of  the  column,  soandlum,  whose 
existeace  and  properties  were  predicted  by  Mendelejeff  (p.  412),  is  the 
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best  knowu.  The  metals  of  the  rare  eartbn,  of  which  it  is  one, 
tound  in  rare  miuerals  such  as  eiixeiiite,  gadoliuite,  orthite,  and  moua- 
zite,  which  occur  in  Sweden,  Greenland,  and  the  United  States. 
Cerium  (('e,  at.  wt.  140.M),  nsodymlum  (Nd,  at  wt.  143.U),  and  pr*»- 
oodymiuin  ( J'r,  at.  wt.  140.5),  occui*  silong  ivitli  lanthanum  in  ceriU",  a 
silicate  of  thes«  four  elements.  These  four  are  included  amoogsttbr 
metals  of  the  rare  eartlis.  The  comjiouads  of  many  of  these  rare  ele* 
menta  behave  so  ninth  alike  that  separation  is  difhcult.  It  is  uertaiD, 
however,  tliat  there  are  several  with  atomic  weights  iiea.r  to  that  of 
lauthiuiuui  for  which  ai^commodatiou  I'anuot  easily  be  fuuud  in  the 
periodic  table,  and  some  of  these  are  probably  mixtures  of  still  moi« 
closely  related  elements.  Ostwald  has  (iinnpareil  tliem  to  a  group  of 
minor  planets  such  aa  in  thi^  solar  system  takes  the  place  of  one  large 
planet. 

ALDMINruM. 

Thr  Chemical  Helntionit  nfthe  Element.  —  Aluminium  is  triva- 
lent  exclusively.  Its  hydroxide,  like  that  of  zinc  (p.  648),  is  feebly 
acidic  as  well  as  basii^  and  hence  the  metal  forms  two  sets  of  compoundj 
of  the  types  Na,.Alt  >g  and  Al3.(S04),.  The  salts  of  both  series  are  more 
or  less  hydrolyzetl  by  water,  the  former  very  conspicuously  so.  It  ii 
worth  noting  that  the  hydroxides  of  the  trivalent  aietals,  or  metals  to 
the  trivalent  condition,  such  as  A1(0H)„  (.:r(OH)„  Fe(OH)i,  are  all 
distiurtly  less  haair:  than  are  those  of  the  bivalent  metals  such  as 
i:n(()H)s,  Cii(OH)s,  Fe((5H)j,  Mn(OH),  This  fact  is  used  in  analysis 
(ff.  also  p,  6(il)  in  separating  the  two  sets.  \Vb en  a  solution  of  the 
chlorides  is  shaken  with  precipitiited  Itarium  carbonate,  the  free  acid 
from  the  more  highly  hydrolyzed  salts  of  Al"*,  Cr'"  and  Fe'"*  inter- 
acts with  this  substance,  the  hydrolysis  is  promoted: 

AlCl,  +  311,0  ^  Al(OH),  +  3HCI, 

and  eventually  the  hydroxides  Al(OH)s,  Cr(<)H)„  and  Fe(OH),  are 
completely  precipitated.  The  chlorides  of  the  bivalent  metals  remain 
in  the  solution.  Aluminium  does  not  enter  into  complex  anions  or 
cations,  and  is  too  feebly  base-furniing  to  give  salts  like  the  carbonate 
or  sulphite. 

0(^eHffence.  —  Aluminium  is  found  very  plentifully  in  combiiub 
tion,  I'uniing  next  to  oxygen  and  silicon  in  this  respect.  The  feldspan 
(such  as  KAISijOj),  the  micas  (such  as  KAlSiO^),  and  kaolin  (cUj 
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]t,Alj(SiO,)j,n,0),  are  the  oommoneat  minerals  containing  it.  Gar- 
nets, whicli  are  fouud  in  metainorpSiie  rocks,  art?  mainly  an  orthosili- 
rate  of  calcium  and  almuiniuni  Ca,Al,(SiO,),.  Turquoise  is  a  Imlrated 
Ijhosphate  Al,{OH),PO„H,(>,  and  wvolite  a  doublt^  Huoride  3NaF,AlF,. 
Various  forma  of  the  oxide  and  hydroxide  (see  below)  are  also  not 
uncommon  minerals. 


Preparation  atui  PhffHical  Frofiertien,  —  Tht;  metal  is  now 
made  on  a  large  scale  by  electiulysis  of  tlie  oxide  (Al.j(>,)  disfsolved  in 
a  bath  of  molten  cryolite.  The  operation  is  ('uiiductinl  in  cells,  the 
e.arl)on  linings  of  which  form  tbe  cathodes.  The  anodes  are  rods  of 
carbon  which  combine  with  the  oxygen  as  it  is  liberated.  The  metal 
sinks  to  the  bottom  of  the  cell  and  is  drawn  off  periodically,  while  freah 
portions  of  the  oxide  are  added  from  time  to  time.  A  current  density 
of  5  amperes  per  aq.  cm.  of  cathode  area  and  an  E.M.F.  of  5-(J  volts 
maintain  the  temperature  of  the  molten  itiaterials,  and  cause  the 
decomposition. 

The  metal  melts  at  600-700°,  but  is  not  mobile  enough  to  make 
castings.  It  is  exceedingly  light  (sp.  gr.  2.6),  and  in  hardness  and 
tensile  strength  is  the  equal  of  any  of  tin;  other  metals,  with  the 
exception  of  steel.  It  has  a  silver)'  luster,  and  does  not  tarnish,  the 
liimly  ixdhering  film  of  oxide  firet  formed  protecting  its  surface. 
Although,  comparing  cross-sections,  it  is  not  so  good  a  conductor  of 
electricity  as  is  copper,  ^'et  ireiijht  for  tfeiijht  it  conducts  better,  It  is 
difficult  to  work  on  the  lathe  or  to  polish,  bec^uise  it  sticks  to  the  tools, 
but  the  alloy  with  magnesium  (6-30  per  cent)  called  magnallum  has 
admirable  qualities  in  these  respects,  Alamlnium  bronse  (5-12  per 
cent  aluminium)  is  easily  fusible,  has  a  magniticent  gohlen  luster,  and 
possesses  mechanical  and  chemical  resistance  exceeding  thj*t  of  any 
other  bronze. 

The  metal  and  its  alloys  are  used  for  making  cameras,  opera- 
glasses,  cooking  utensils,  and  other  articles  requiring  lightness  and 
strength.  The  powdered  metal,  mixed  with  oil,  is  used  in  making  a 
silvery  paint. 

Cbemicat  Propertlea,  —  The   metal    displaces   hydrogen    fro: 
hydrochloric  acid  very  easily.     In  sulphuric  and  nitric  acid,  howev 
it  receives  a  coating  of  the  hydroxide,  formed  by  h yil ''o'.ysis  of  ti* 
salt,  and  the  action   is  slow    in  the  former  case,  and  almost  uif"* 
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the  latter.  It  displaces  hydrogen  also  from  boiling  solutions  of 
the  alkalies,  forming  almninates : 

2A1  +  6NaOH  -^  2Na,A10,  +  SH,. 

In  consequemie  of  its  very  great  aflinity  for  oxygen,  aluininitun  dis- 
jilncps  h11  tlif  inetala,  save  magnesiiini,  from  their  oxides.  Thus,  when 
fi  mixture  of  aliiiiiiiiimn  powder  and  ferric  oxide  is  placed  iu  a  crucible 
and  ignited  hy  means  of  a  piece  of  burning  magnesium  ribbon, 
aluminium  oxide  and  iron  are  formed : 

Fe,0.  +  2A1  -*  AljO„  +  L'Fe. 

The  very  high  temperature  (about  3000°)  produced  by  the  action  is 
sufficient  to  melt  both  the  iron  (m.-p.  1700°)  and  the  oxide  of  aluniin- 
The  products,  not  being  niiscible,  separat*  into  two  layers.  This 
Bry  simple  method  of  making  pure  specimens  of  metals  like  chromiiim. 
uiunium,  and  manganese,  whose  oxides  are  otherwise  hard  to  reduce,  is 
c!ill«l  V>y  Goldsehmidt,  the  inventor,  "aluminotherray."  Tlie  stil- 
piiides,  snch  iis  pyrite,  are  reduced  with  equal  vigor  by  aluminliun. 

AltunintutH  CMorMe.  —  If  the  metal  or  the  hydroxide  is  treated 
with  hydi'oclilorio  acid,  and  the  solution  is  allowed  to  evaporate,  crys- 
tals of  AlCl,,(>HiO  are  formed.  When  heated,  this  hydrate  is  eom- 
pletuly  hydrolyzed,  hydrochloric  acid  is  given  off,  and  only  the  oxide 
remains.  The  anhydrous  chloride  is  iiiuch  used  as  a  catalytic  agent 
for  causing  combination  in  organic  ohctiii.stry.  It  is  made  by  passing 
dry  chlorine  over  aluminium,  or  by  heating  the  oxide  with  carbon  in  a 
stream  of  clilorine.  Just  as  in  the  case  of  silicon  dioxide  (p.  520), 
neither  cai'bou  nor  clilorine  alone  will  act  upon  the  o.xide. 

Aluminium  chloride  gives  a  vapor  pressure  of  ItM)  mm.  at  183",  and 
sublimes,  as  a  white  crj'st.alline  solid,  without  melting.  Under  pres- 
sure, it  melts  at  193°.  In  the  mode  of  preparittion  described  above,  it 
is,  therefore,  vaporisied,  and  condenses  in  a  cool  i>art  of  the  tube.  It 
fumes  when  exposed  to  moi.st  air  on  account  of  the  hydrogen  chloride 
produced  by  hydrolysis,  and  only  witli  excess  tjf  hydrochloric  acid  does 
it  give  a  clear  solution  free  from  basic  salts. 

^^^  Alumiitiutn  Itf/droxUle  and  the  Alntninafe^,  —  When  an  alkali 

^^  is  added  to  a  solution  of  a  salt  of  aluminium,  the  hydroxide  AlfOlf),  is 

I  precipit-fvted  in  gelatinous  form.     It  is  a  white  hydrogele  (p.  523),  and 

I  loses  water  gra^lually  when  dried,  without  forming  any  intermediate 

[  hydroxides,  \mtil   .\ljO,  alone  remains.     It  interacts  both  with  acids 
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and  with  bases,  and  is,  therefore,  like  zinc  hydroxide  (p.  648),  iomzetl 
ixith  as  a  base  and  as  an  at-id.  It  interacts  only  slightly  with  ammonium 
hydroxide,  because  this  sul>stance  is  too  feebly  basio,  but,  from  the  snlii- 
tioii  in  the  active  alkalies,  the  aluminates  Na,.A10„  Na.A10j,  and  K.AlOj, 
will  l)e olitained iu  solid  form.  Natural  forms  of  thissutetaneearebydrar- 
gyllite  Al(OH)j(=  AL,O„3H,0),  biuxite  AU>(OH)i  (=  Al^0„2H,0), 
whieh  always  contains  ferric  oxide,  and  diaspore  AIO.OH  (=  AljO,, 
H.0). 

Commercially,  the  hydroxide  is  made  by  heating  bauxite  with 
sodium  carbonate.  The  ferric  oxide,  having  no  tendency  to  form  a 
carlwnate  or  to  interact  with  a  base,  remains  nnch.aiiged.  The  sodium 
aliiminate  which  is  formed  can  be  extracted  with  water : 


A1,0(0H),  +  Na,C0,^2NaA10j  +  {;0, 


2HjO. 


The  hydroxide  is  then  precipitated  by  passing  carbon  dioxide  through 
the  solution : 

2NaAlO,  +  COj  +  3IL,0  -♦  NajCO,  +  2A1{0HV 

The  aluminates  are  largely  hydi'olyzed  by  water  ; 
NaAlO.,  +  2H,Oi=tNaOH  +  A1{0HV 

Hence  an  excess  of  sodium  hydroxide  is  required  for  the  complete 
solution  of  (duminium  hydroxide  by  the  reversal  of  this  action.  Sodium 
aluminate  is  used  as  a  mordant  in  dyeing  (see  below),  on  account  of  thn 
ease  with  which  the  solution  gives  up  aluminium  hydroxide  when  any 
material  is  present  which  can  combine  with  the  free  portion  of  the 
hj'droxide  and  so  cause  forward  displacement  of  the  above  equilibrium. 
When  calcium  chloride  is  added  to  a  solution  of  sodium  aluminate, 
the  insoluble  calcium  mehaluminate  is  deposited: 

2NaA103  4-  CaCl,  ->■  Ca(AI03)j  +  2NaCl. 
The  relations  of  these  various  substances  are  shown  by  the  following 

Al^^ 
0 


formulBB : 
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A  number  of  iusoluble  inetaluminat&s  are  found  in  nature.  They 
cryatallize  in  the  regular  system,  ami  are  known  as  spineUes.  Tbev 
co&taiu  bivalent  metals  in  place  of  the  calcium  in  the  last-named 
compound.  Thus  we  have  apinelle  proper  Mg(A10,)j,  and  gajjoite 
Zn(AlOj),.  Oorrespouding  and  isouiorpUous  derivatives  of  chromic 
and  ferric  hydroxides  are  chromite  Fe(CrO,)j  and  magnetite  Fe(TeOJ^ 

AlumUiium  Ojeide^  —  The  oxide  (aliunina)  is  found  in  nature  in 
pure  form  as  corundum.  This  mineral  is  only  one  degree  less  hard 
than  the  diamond.  Emery  is  a  common  variety,  contaminated  with 
ferric  oxide,  and  is  widely  used  as  an  abrasive.  The  ruby  is  pure  aln-  j 
minium  oxide  tinted  by  a  trace  of  a  compound  of  chromium,  whik 
the  sapphire  is  the  same  material  colored  with  aluminate  of  cobalt. 
Both  can  be  made  artihcially  by  adding  a  little  of  the  oxide  of  chio- 
mium  or  of  cobalt  when  almninium  oxide  is  produced  by  Goldschmidt's 
method  (p.  684).  The  ahiinina  made  by  gently  heating  the  hydroxide 
interacts  easily  with  acids,  but  after  being  strongly  lieat«d  it  re- 
sembles natural  alumina  in  being  very  slowly  affected  by  them.  Min- 
erals containing  insoluble  compounds  of  aluminium  are  attacked  vheu 
heated  strongly  with  potassium  bisulpliate  (ef,  p.  660),  the  sulphate  of 
aluminium  being  formed. 


Aluminfam,  SMlphate  :  The  AtumM.  —  The  suljjhate  is  prepared 
by  treatiug  cither  the  hydroxide  or  pure  clay  (kaolin)  with  sulphuric 
auid.     In  the  latter  case  the  insoluble  residue  of  silicic  acid  is  removed 

by  filtration  ; 

H^l,{SiO,),  +  3H,S0,  -►  Al,(SO,),  +  :iH,SiO,  +  2H,0. 

The  salt  cryetalliaes  from  water  as  A1,(80,)„18H,0,  forming  aggre- 
gates of  leaflets  which  are  very  soluble.  The  solution  is  acid  in 
reaction.  This  compound  is  U8e<l  as  a  mordant  under  the  name 
of  "concentrated  alum."  It  is  employed  also  in  bIbIok  cheaj>er 
grades  of  paper,  an  operation  required  to  prevent  the  absorption  and 
consequent  spreading  of  the  ink.  For  writing-paper,  gelatine  solution 
18  employed.  In  making  printing-papers,  rosin  swip  (made  by  dissiih- 
ing  rosin  in  caustic  soda)  is  mixed  with  the  pulp,  and  aluiniiuuin 
sulphate  is  added.  The  rosin  and  aluminium  hydroxide  are  precipi- 
tated, porhaits  in  fecljle  combination,  and  pressing  between  hot  rollers 
afterwards  melts  the  former  and  gives  a  surface  to  the  paper. 

^lien  sulphate  of  potassium  is  added  to  a  strong  solution  of  alu- 
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minium  sulphate,  wtaheflrnl  nrystals  of  alum  fpotasli  alum,  KjSO<,Al, 
(SCli)5,y4HjO)  are  depiBited.  This  is  a  double  salt,  and  is  oue  of  a, 
large  number  kuowu  as  the  alums.  These  have  the  general  formula 
Mj'S04,M3"'(80,)j,  li4H,0,  and  may  he  made  as  ahove  hy  usiugasulphate 
of  a  univalent  metal  with  one  of  a  trtvalent  metal.  Thus,  for  M'  we 
may  use  K,  KH„  Eh,  Vs,  ami  Tl',  and  for  M'",  Al,  Fe'",  Cr'",  Mn'". 
and  Tl"'.  We  may  even  employ  seleuates,  suijh  as  K,SeOj.  All  of 
the  resulting  double  salts  are  isoinorphous,  and  a  ciystal  of  one  will 
continue  to  grow  in  a  solution  of  another,  acquiring,  of  course,  au  outer 
layer  of  different  composition  but  of  the  same  crystallographic  orien- 
tation. 

PotHsxium-AttiiaiHlnm  Sulp/mte,  —  Ordinary  alum  KjSO,, 
Al,(SO,)„  24HjO  is  made  from  aluniiuiuni  sulphate  obtained  from  clay 
(see  above).  It  is  also  prepared  by  heating  aluuite,  a  basic  alum 
foaad  near  Rome  and  in  Hungary,  and  extracting  the  product  with 
hot  water.  The  al  unite,  having  the  composition  KAl,(OH)j(SOj),, 
leaves  an  insoluble  residue  of  the  hydroxide,  mixed  with  ferric  oxide 
which  is  present  as  an  impurity  : 

2KA1,(0H),(S0,)„  -*  K,SO„A1,(SO.),  +  4A1(0H),. 

The  aciueous  solution  of  alum  (contains,  at  10°,  9  parts  of  the  anhy- 
drous salt  in  100  parts  of  water,  and  at  100°  422  parts  in  100  of  water. 
The  hydrated  salt  melts  at  90°.  An  aijueous  solution  of  this  salt  or  of 
sodium  phosphate  (p.  577)  is  used  fur  tiro-proofing  draperies,  because  the 
crystals  deposited  in  the  fabric  melt  easily,  and  the  fused  material 
protects  the  fibers  from  access  of  oxygen.  When  heated  more  strongly 
ahun  loses  its  water  of  hydration  together  with  some  sulphur  trioxide, 
and  leaves  a  slightly  basic,  anhydrous  salt  known  as  "  burnt  alum." 
A  solution  of  alum  dissolves  a  considerable  amount  of  aluminium  hy- 
droxide, giving  "  neutral  alum,"'  a  basic  salt  KjSO^,  Al,(OH)j(S()^),  used 
as  a  mordant.  The  sutetance  is  usually  prepared  l.iy  adding  swliuni 
carbonate  to  the  solution  of  alum  as  long  as  the  aluminium  hydroxide, 
formed  locally,  continues  to  redissolve. 

Atnnitnlum  Sulphide.  —  This  compound  is  most  easily  obtained 
by  mixing  pyrite  with  aluminium  powder  and  igniting  with  magnesium 
ribbon  (p.  684): 

3Fea,  +  4At  -♦  2A1,S,  +  3Fe. 
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It  forrns  a  grayish-black  solid,  and  is  decomposed  by  water  like  inag- 
neaium  sulphide,  giving  the  hydroxide  and  hydrogen  sulphide. 

Attiminiiim  Aeetute.  —  This  salt  is  used  by  dyers,  because,  being 

a  salt  af  a  weak  base  and  a  weak  acid,  it  is  much  hydrolyzed  by  w&tar, 
espeBially  at  100°.  In  mordanting,  it  thus  gives  aluminium  hydroxide 
very  easily.  It  is  made  by  treating  lead  or  barium  acetate  with 
aluminium  sulphate,  and  filtering  and  crystallizing  the  solution  : 

AL,(S0J,  +  3Ba(CjjH,03),  j:i3BaS04+2Al(0,H,Oj),. 


Dffeinff:  Morduntinff. — The  problem  of  the  dyer  is  to  ooafe; 
the  desired  color  upon  a  fabric  made,  usually,  of  cotton,  Itnen,  wool, 
or  silk,  and  to  do  this  in  such  a  way  that  the  dye  is  fast  to  (i.e.,  is  not 
removed  or  destroyed  by)  rubbing,  and  often,  also,  to  washing  witJi 
soap.  To  understand  the  means  by  which  this  is  achieved,  it  must  be 
noted  that  cotton  and  linen  consist  of  hollow  fibers  of  tlie  composition 
of  cellulose  {C,HioOj)y  Wool  is  made  of  hollow  fibers,  also,  and  silk  of 
rods,  but.  the  material  is  entirely  different.  It  contains  17  per  cant 
of  nitrogen  in  the  case  of  wool,  and  20  percent  in  the  case  of  silk,  and 
the  nitrogen  compounds  of  which  the  material  is  composed  are  much 
more  active  chemically  than  is  cellulose,  and  combine  incomparably  more 
easily  and  firmly  with  the  many  kinds  of  organic  compounds  which 
are  used  as  dyes.  Hence,  stains  on  wool  and  silk  are  much  less  ofteji 
removable  by  washing  than  are  those  on  cotton, 

We  have  space  to  mention  only  three  kinds  of  dyes  and  to  describe 
in  mere  outliue  their  use.     These  are: 

1.  Insolable  colored  bodies  which  are  formed  by  precipitation 
within  the  fibers  and  may  be  applied  to  any  fabric,  for  their  retention 
is  due  to  mechanical  and  not  to  chemical  causes.  If  cotton  is  boiled 
in  a  solution  of  lead  acetate  (or,  better  still,  sodium  plumbite,  y.v.), 
and  is  then  soaked  in  boiling  potassium  chromate  solution,  it  is  dyed 
a  brilliant  and  permanent  yellow.     Lead  chromate  is  the  colored  body  : 


Pb(C,H,0,),  +  K,CrO,  j=*  2KC,H,0,  +  PbCrO,  j. 


tin  indigo  dyeing  the  fabric  is  saturated  with  a  sohition  of  indigo-white 
(an  acid  substance)  in  caustic  soda,  and  is  then  exposed  to  the  air. 
Indigo-blue  is  formed  by  oxidatiou,  and,  being  insoluble,  is  precipitated 
in  the  fibers : 
L 


2C«H„N,0,  +  0,  ^  2C„H,„N,0,1  +  2H,0. 
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2.  We  have  direct  or  snbitantive  dyes,  which  are  withdrawn  from 
a  solution  by  the  goods  which  a,ro  being  dj'ed,  and  confer  upon  the  latter 
a  depth  of  color  depending  on  the  strength  of  the  solution  and  the  affinity 
of  the  material  for  the  dye.  The  union  is  due  in  some  cases  to  chemical 
combination,  and  in  others  to  the  fact  that  the  dye  is  more  soluble  in 
the  material  being  dyed  than  in  water,  and  gives  a  solid  solution  in  the 
former  {rf.  pp.  146,  235).  Wien  the  case  is  simply  one  of  extraction  of 
the  dye,  due  to  the  solvent  power  of  the  goods,  the  dye  must  necessarily  be 
removed  again  by  washing  with  sufficient  water.  Only  a  small  minority 
of  direct  dyes  are  taken  up  by  cotton  or  linen  in  such  a  way  that  they 
cannot  be  washed  out,  Congo  red,  CjjHjaNjSjO.Na,,  is  soluble  in  water, 
and  is  used  in  dyeing  both  eotton  and  wool.  The  dye  is  much  faster 
on  the  latter  than  on  the  former,  however, 

3.  The  last  class  comprises  the  mordant  or  adjective  dyes.  They 
work  on  the  principle  that  the  cloth  is  first  impregnated  with  a  substance 
capable  of  attaching  itself  both  to  the  cloth  and,  subseriuently,  to  the 
dye  also,  and  is  then  immersed  in  the  dye  itself.  Substances  of  this 
kind  are  tannic  acid  (for  basic  dyes)  and  foHoidal  hydroxides  (for  acid 
dyes)  like  those  of  aluminium,  tin,  iron,  and  chromium.  They  are 
called  mordant*  (Lat.  mort/ei'e,  to  bite).  When  aluminium  hydi'oxide 
is  to  be  used,  the  cloth  is  first  treated  with  a  hot  solution  of  neutral 
alum,  aluminium  sulphate,  aluminium  acetate,  or  sodium  aluminate, 
and  thereby  acquires,  either  by  adsorption  or  feeble  combination,  a 
certain  amount  of  the  hydroxide.  T!ie  fabric  is  then  boiled  in  water 
with  the  dye.  If,  for  example,  alizarine  (madder)  is  used,  the  cloth  is 
dyed  Turkey  red.  AUziiHne  is  an  orange-yellow,  very  slightly 
soluble  acid  of  the  composition  CuHjO,.  Since  the  color  is  that 
of  the  compound  of  the  dye  with  the  mordant,  different  mordants 
give  different  colors,  or  shatles  of  color,  with  the  same  dye. 
This  may  he  illustrated  by  preparing  three  solutions,  one  of 
ferric  chloride  (17.1'.)  containing  ferric  hydroxide  in  solution,  one  of 
aluminium  acetate,  and  one  of  chromium  acetate.  When  a.  drop 
or  two  of  an  alcoholic  solution  of  alizarine  is  added  to  each,  a  precipi- 
tate at  once  appears,  which  in  the  first  case  is  violet,  in  the  second 
bright^red,  and  in  the  third  claret-red.  These  insoluble  compounds  of 
dyes  with  mordants  are  identical  with  the  coloring  matters  produced 
in  the  cloth,  and  are  called  lake*  (Fr.  laqtte,  lac). 

Kaolin  and  Clan :    Earthenware  nnd  Porcelain. — By   the 

action  of  water  and  carbon  dioxide  upon  granite  and  other  rocks  con- 


690  INORGANIC  CHEMISTEY 

taining  feldspar  KAlSJjO^,  the  potash  is  slowly  removerl,  and  the  com- 
pound chimged  largelj"  into  a  hydrated  orthosilicate  H,Al,(SiO^)j,HjO. 
When  tills  remains  in  situ,  it  forms  kaolin  or  china  clay,  a  wl»it«i, 
crumbly  material.  It  usually  contains  particles  of  mica  and  free  silica. 
When  washed  away  and  rcdeposited,  it  acquires  compounds  of  iron,  aod 
moi'e  oi-  less  of  the  carbonates  of  calcium  and  magnesinm,  becoming  com- 
mon clay.  Ocher,  umber,  and  sienna  are  clays  colored  with  oxides  of 
iron  and  manganese.     FuUei-'a  earth  is  a  purer  variety. 

On  a»^count  of  its  plasticity  when  moist,  and  its  tendency  to  become 
hard,  but  not  to  melt,  when  heated  strongly,  clay  is  usetl  in  making 
bricks,  pottery,  and  porcelain.  The  presence  of  calcium  and  magne- 
sium carbonates  makes  the  clay  more  fusible,  that  of  silica  less  so.  Iron 
compounds  cause  it  to  turn  red  during  firing.  The  impure  variettea 
are  formed  into  bricks  and  tiles,  and  are  fired  at  a  low  temperature. 
The  efflorescence  which  often  appears  on  the  surface  of  the  bricks 
("niter")  is  generally  due  to  sodium  sulphate  or  sodium  chloride 
present  originally  in  the  clay.  For  earthenware,  glazing  must  bo 
applied  to  make  the  vessels  water-tight.  This  is  often  done  by  throw- 
ing salt  into  tlie  kiln.  The  hot  steam  hydralyzes  the  salt  to  sodium 
hydroxide  and  hydrochloric  acid,  and  the  former  combines  with  the 
clay,  giving  a  fusible  silicate  which  fills  the  pores  of  the  surface.  For 
porcelain,  very  pure  clay,  free  from  iron,  is  employed,  and  it  is  mixed 
with  feldspar  aiid  quartz.  The  feldspar  melts  and  fills  the  pores  so  that 
a  contiuiionsj  semi-transparent  material  results.  For  ctiina  painting, 
jiowdered  enamels  (p.  607)  and  metallic  oxides  which  combine  with 
the  clay,  giving  colored  silicates,  are  used. 

Porcelain,  if  made  with  sufficient  silica,  is  very  infusible.  It  is 
attacked  by  aqueous  and  by  fused  alkalies,  however,  giving  soluble  siU- 
cates. 

tritramarlae  was  formerly  obtained  by  pulverizing  natural  lapU 
hisuH.  Artificial  ultramarine  of  similar  composition  and  more  beauti- 
ful color  is  now  manufactiured.  It  is  made  by  heating  together  kaolin, 
sodium  carbonate,  sulphur,  and  charcoal.  The  resulting  green  mass  is 
then  powdered,  mixed  with  sulphur,  and  heated  again  until  it  acquir*is 
the  desired  shade.  The  product  is  used  largely  hi  making  wall-papers, 
water-color  paints,  and  laundry  blue.  Note-paper  is  often  colore<l 
with  it.  Its  composition  is  approximately  4NaAlSiO,,Na,Sj,  but  the 
cause  of  the  brilliant  color  is  not  understood.  Hydrochloric  acid  blv 
erates  sulphur  and  hydrogen  sulphide  and  destroys  the  color  of  ultra- 
marine, decomposing,  apparently,  the  sulphide  of  sudium. 
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Analytical   MeacHona    of  Aluminium    Compounds- — The 

alkalies,  and  alkaline  solutions  like  that  of  ammonium  sulphide,  pre- 
cipitate the  white  hydroxide.  The  product  is  soluble  in  excess  of  the 
active  alkalies.  Soluble  carbonates  also  throw  down  the  hydroxide. 
Aluminium  compounds,  when  heated  strongly  in  the  flame  with  cobalt 
salts,  give  a  blue  aluminate  of  cobalt. 

Exercises.  —  1.  What  are  the  differences  between  zinc  and  alu- 
minium, and  their  corresponding  compounds  ? 

2.  Construct  equations  showing  (a)  the  hydrolysis  of  aluminium 
sulphate  (p.  686),  (6)  the  interaction  of  aluminium  sulphate  and  cobalt 
nitrate  in  the  Bunsen  flame. 

3.  Formulate  the  ionization  of  aluminiuim  hydroxide  (pp.  648,  684). 


\ 


CHAPTER  XL 

GBRMANIUM,  TUT,  LEAD 

The  elements  of  the  fifth  column  of  the  periodic  table,  aside  from 
carbon  and  silicon,  are  germanium  (6e,  at.  wt.  72.6),  tin  (Sn,  at.  wt 
119),  and  lead  (Pb,  at.  wt.  206.9).  These  are  on  the  right  side,  while 
titanium  (Ti,  at.  wt.  48.1),  zirconium  (Zr,  at.  wt.  90.6),  cerium  (Ce, 
at.  wt.  140.25),  and  thorium  (Th,  at.  wt.  232.5)  occupy  t^e  left  side. 

The  Chemical  Relations  of  the  Family.  —  All    of    these    ele- 
ments show  a  maximum  valence  of  four.     Germanium,  tin,  and  lead 
are  also  bivalent.     In  this  respect  they  resemble  carbon  and  differ 
from  silicon,  which  is  more  closely  allied  to  the  elements  on  the  left 
side  of  the  column.     The  oxides  and  hydroxides  in  which  these  three 
elements  are  bivalent  become  more  basic,  and  the  elements  themselves 
more  metallic  in  chemical  relations,  with  increase  in  atomic  weight. 
In  this  they  resemble  the  potassium,  calcium,  and  gallium    families. 
Curiously  enough,  the  same  three  hydroxides  are  also  acidic.     They 
are  more  strongly  acidic  than  is  zinc  hydroxide,  for  the  salts  they  form 
by  interaction  with  bases  are  less  hydrolyzed  than  are  the  zincates. 
This  acidic  character  likewise  increases  in  the  order  in  which  the 
elements  are  named  above. 

Germanium. 

Germanium  {cf.  p.  412)  may  be  described  as  a  transition  element 
between  carbon  and  tin.  It  forms  two  oxides  GeO  and  GeOj  corre- 
sponding to  those  of  carbon  and  of  tin.  a«rmanious  oxide  is  not  very 
definitely  basic  or  acidic,  and  the  sulphide  is  the  only  other  well-de- 
fined compound  of  this  set.  Oermanio  oxide  and  hydroxide  are  acidic 
entirely.  The  resemblance  to  carbon  is  shown  in  the  formation  of  an 
imstable  compound  with  hydrogen,  and  of  germanium  ohloroform 
GeHCl,.  Like  carbon,  tin,  and  silicon,  germanium  gives  a  volatile 
chloride  G%Q\  (b.-p.  87").  Like  tin  and  gold  (p.  638),  it  forms 
complex  sulphides  derived  from  germanic  sulphide,  such  as  K^GeS^ 
The  element  was  discovered  (in  1886)  in  argyrodite,  a  complex  sul- 
phide 4Ag,S,GeSy 
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The  Chemical  Relatione  of  the  Element.  ~-  Tin  is  both  biva^ 
lent  and  quadrivalent.  Each  of  the  oxiiios  and  hydroxides  SnO  and 
Sn(OH),,  SnO,  and  SnO(OH),  (or  Sn(OH),),  is  both  basio  and  acidic, 
8o  that  there  are  really  four  series  of  componuds.  Still,  stannous 
hydroxide  is  mainly  a  base,  of  a  feeble  sort,  while  stannic  hydroxide  is 
mainly  an  acid.  Thus  we  have  stannous  chloride,  suljihate,  and 
nitrate,  which  are  stable,  although  they  are  all  more  or  less  hydrolyzed 
by  water,  and  sodium  staunite  Na^.SnO^  which  is  unstable.  On  the 
other  hand,  stannic  nitrate,  sulphate,  and  chloride  are  completely 
hydrolyzcd  by  water,  wliile  sodium  stannate  NajSnOj  is  comparatively 
stable.  The  dioxide  SnOj  is  an  iafusible  solid,  and  re.sembles,  there- 
fore, silicon  dioxide.  Tin  has  a  tendency  to  give  complex  acids  and 
salts,  like  H.,SnO]„  (XH,),.SiiClj,  H,SnI„  K,SiiFj,  but  theso  are 
ionized  also  to  a  small  extent  after  the  manner  of  double  salts,  giving 
ions  of  Sn*"*.  Tin  forms  no  compounds  with  hydrogen  and  no  salts 
with  weak  acids,  like  carbonic  acid. 

Occurrence  and  Extrnctiou. —  The  chief  ore  of  tin  is  tin-stone, 
or  cassiterite  SnO^,  which  consists  of  tetragonal  crystals  whose  diU'k 
color  is  due  to  the  presence  of  iron  compounds.  The  mineral  occurs 
in  Cornwall  and  the  East  Indies.  The  ore  is  roughly  pulverized 
and  washed,  to  remove  granite  or  slate  with  which  it  is  mixed,  aud 
is  then  roasted,  to  oxidize  the  sulphides  of  iron  and  copper,  and  drive 
off  the  arsenic  which  it  contains.  After  renewed  wiLshtng  to  eliminate 
sulphate  of  copper  ami  oxide  of  iron,  it  is  reduced  with  coal  in  a 
reverberatory  furnace.  The  tin  is  afterwards  remelted  at  a  gentle 
beat,  and  the  pure  metal  flows  away  from  compounds  of  iron  and 
arsenic.  In  1900  the  production  was  4100  t«ns  and  G3,700  tons  in 
England  and  in  the  East  Indies,  respectively.  These  quantities 
together  constitute  83  per  cent  of  the  total  world's  output. 

Physical  and  Chemical  Properfien.  —  Tin  is  a  silver-white, 
crystalline  metal  of  low  tenacitj-  but  great  malleability  (tinfoil).  Its 
specific  gravity  is  7.3,  and  its  melting-point  about  233°.  Tin  some- 
times changes  into  a  gray,  pulverulent,  specifically  lighter  modification 
(sp.  gr.  6.85)  when  it  is  kept  at  a  low  temperature.  The  transition 
point  is  20"  (c/,  Sidphur,  p.  368),  and  ordinary  tin,  although  it  can  be 
kept  almost  indefinitely,  is  therefore  really  in  a  metastable  condition 
(p.  159)  below  tills  temperature. 
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Tin-plate  (<;/  p.  6T3)  is  made  by  dipping  carefully  cleaned  sheets 
of  mild  steel  into  molten  tin.  Vessels  of  copper  are  also  coated, 
ioteinally,  witii  tin,  to  prevent  the  formation  of  the  basic  carbooatB 
{p.  618).  For  this  purpose  they  are  cleaned  with  ammoniuiu  chlo- 
ride, sprinkled  with  rosin  (to  reduce  the  oxide),  and  heated  to  230*. 
Molten  tin  is  then  spread  on  the  surface  with  a  piece  of  tow.  Com- 
mon pins  are  made  of  brass  wire,  and  are  coated  with  tin  by  being 
shaken  in  a  solution  containing  a  salt  of  this  metal.  The  zinc  in  the 
alloy  displaces  some  of  the  tin,  and  this  is  deposited  on  the  surfaoej^^ 
the  brands.  Alloys  of  tin,  sucli  as  bronze  (p.  til9),  soft  solder  (50  9(^| 
cent  lead),  pewter  (25  per  cent  lead),  and  britannia  metal  (10  per 
cent  antimony  and  some  copper),  are  much  used  in  the  arts. 

Tin,  although  it  displaces  hydrogen  from  dilute  acids,  is  not  tar- 
nished by  moist  air.     With  warm  hydrochloric  acid  it  gives  stannous    | 
chloride  SuCl,  and  hydrogen.     Hot,  concentrated  sulphuric  acid  forni«    ' 
stannous  sulphate  SuSO,  and  sulphur  dioxide.     Nitric  acid,  when  cold 
and  dilute,  interacts  with  it,  giving  stannous  nitrate,  and  a  portion  > 
the  nitric  acid  is  reduced  to  ammonia  (c/'.  p.  446)  : 

4Sn  +  lOHNO,  -»  4Sn(N0,),  +  3H,0  +  NH^NO^ 

fith  concentrated  nitric  acid,  stannic  nitrate  is  formed,  but  most  of 
this  salt  is  hydrolyzed  by  the  water  at  the  high  temperature  of  tlie 
action  {ff.  p.  657),  and  metastannic  aeid  (H,SnO.)j  remains.  The  final 
result  is  therefore  shown  by  the  equation  (simplified) : 

Sn  +  4HN0,  -*  HjSuOj  +  4NOs  +  H,0. 

The  white,  insoluble  product  continues  to  give  nitric  acid  during  pro- 
longed washing,  and  seems  therefore  to  contain  some  nitrate,  or  basic 
nitrate.  Tin  also  displaces  hydrogen  from  caustic  alkalies,  giving  a 
metastannate,  such  as  K^SnO,. 

Stannoug  Chloride,  —  This  salt  is  made  by  the  interaction  of  tin 
Id  hydrochloric  acid.  Evaporation  of  the  solution  gives  the  colorless 
SnOlj, 2H.jO.  When  the  crystals  are  heated,  or  when  a  strong  aqueous 
solution  is  diluted,  the  salt  is  partially  hydrolyzed.  In  the  latter  case 
the  basic  chloride  Sn(OH)Cl  is  deposited.  By  presence  of  excess  of 
hydrochloric  acid,  the  hydrolysis  is  prevented.  The  solution  ia  used 
as  a  mordimt  (^>.  688). 


Stannous  chloride  t«n«)«t  (m  |wk««  inln  «liiMni<c  «vt«KwhW  SttOV  AMvt  <« 
therefore  an  active  reduoing  «i$|«ut>  Th\t«,  it,  mlui^Mt  U\<i>  oUtuvt-ivW  vX 
mercoTT  (p.  655)  and  «t  tlie  noh)«  m«l«l««  UWmiinx  tW  ti\^  M«l«l#. 
The  action  is  of  the  form  Ug"  +  J^"  « U«  ^  H«"'\  ?<»»»«tt»\«* 
chloride  reduces  cupric  Mtd  ferric  chltMrUt«M  tu  Mt«  c\t|mmA  m\\  (Vm^UM 
conditions  in  like  manner : 

2FeCl,  +  SnOl,  -►  2Fet\  +  SnOl^  or   aKV"'  +  Sw**  -*  UI^V'*  4  f*H"".. 

It  also  reduces  free  oxygen,  or,  vrlmt.  in  tUo  imm«>  tltlH^ti  Im  oMhtUint  l\y 
the  air.  In  this  oAse,  sttuuiic  ohlurldi*  In  ftM'titm)  \\\  i\\p  noiit  mthlHitH 
and  the  liquid  remains  dear ;  in  the  untttrnl  Holtitioit  k  pfpt'l^tK^t^p  ttf 
the  basic  chloride  is  fonued  lis  well : 

OSuCl,  +  211,0  +  (>,  -» 4Hn(0||)(n  +  'JH\\i% 

Powdered  tin,  if  placed  in  th*«  1k>u1))  nlouK  wl*-!)  tl***  Hold  mtlitfiiiit,  will 
undo  the  effects  of  thin  action  by  rtHludliiK  Utn  HiKiihIo  haU  Ui  ilif 
stannous  condition  onctt  more. 

Stannic  CMorUle.  —  When  chlnrlnn  nntM  u\>it»  iitt,  fir  upott  HtoH-- 
noufl  chloride  (either  solid  or  diMolvwl;,  Hlatntin  niilitfitlH  IM  ftiFDiwI. 
The  comimund  is  a  colorlesn  lii|ul<l  (b'-p.  1 14'*)  wlibtli  fillHPrt  VP»,y 
strongly  in  moist  air,  K>v>»K  hydrtMsltbn'l*!  iwild  mh\  nUlHtUt  M'Ui,  t\> 
was  formerly  known,  aft<jr  it*  iWrnutvi'vur  (IDOfi),  n»  Mfilflhin  /imtnm 
Libavii.  The  iupK'oiiM  Moliition,  whnti  ffdNtily  Ih«m1«(|  liH<t  mImhmI.  M 
conductivity,  and  th«!  Mrtn\Hftini\  U  i\wt*>Utftf  vwy  niitjlidljr  j*rt()/«t. 
As  hydrolysis  ]irin-j'MH,  tb«  wrtidiKftivity  ((»/!»'»'«*♦'«,  •/*»».  fiw  Ifyd^y*. 
chloric  a/id  is  tb«  f'jrtuUu!tiuf(  mt\mUttii'*',  \tUif  n  Uuw  U^4tiii^i:\'i 
becomes  almost  fj>m\t\nU'..  Tt»«  »t»H«l«  »/;J4  wl(>/ 1(  >«i  f//^w«1  j*  »w/». 
prernpitate'l,  h/>w«;v«r,  f/ijt  r<!tnajn»  ^liKtiOfly^yf  Jw  Kj^i^lJ/irJ/JttJ  <^,  W/<; 
form: 

»na,  +  4H/)>  iS'HM  4  nttHiH)^ 

The  frhLori/ift,  WiSh  *'nMll!  iWix'jiwMt'^  'cf  *«<*•»,  jfi')'*'*  i'-:fj'.Jr*i*f(>w*  (I'J'/J***** 

oiir  .'.Si.I.ociiii»-  ■-jiif  -  ;jvaiIe-*»M  "^  (fSfH,;;,^**/;^  ■wl!iP>.ii  ii«  **  (ty-**^^!*  i*^  cilw> 

s«ao3iiscBvisMBiidt«  .'<tYi.S;<i,  oMiin*  «ii^!i|P^^  iM*^  i»ft  29^%  m4  i*  ^AiiM^  M> 
■waeiw.. 
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a-Stannic  Add  and  it»  Salts.  —  When  a  solation  of  stannic 
chloride  is  treated  with  ammonium  hydroxide,  a  white,  gelatinous  pre- 
cipitate is  formed.    To  this  the  formula  H,SnO,  is  generally  assigned: 

SnCl,  +  4NH,0H  -*  4NH«C1  +  H,SnO,  +  H,0. 

It  is,  however,  in  reality,  a  hydrogele,  and  loses  water  gradually  until 
the  dioxide  remains.  Thus,  neither  Sn(0H)4  nor  SnO(OH),  is  obtain- 
able as  a  definite  compound.  When  stannic  oxide  is  fused  with 
caustic  soda,  the  metastannate,  or  a-stannate,  is  formed : 

SnO,  +  2NaOH  ^  Na,SnO,  +  H,0. 

This  compound  is  obtainable  as  Na,SnO„3H,0,  and  is  used  as  a 
mordant  under  the  name  of  "  preparing  salt."  When  its  solution  is 
acidified,  the  above  mentioned  a-stannic  acid  is  formed  by  double  decom- 
position. This  a-stannic  acid  interacts  readily  with  acids  and  alkalies, 
and  the  chloride  obtained  from  it  is  identical  with  stannic  chloride 
described  above. 

Tlie  a-stannates  of  the  metals,  aside  from  those  of  potassium  and 
sodium,  like  the  silicates  and  carbonates  which  they  much  resemble, 
are  all  insoluble  in  water,  and  may  be  made  by  double  decomposition. 

^-Stannic  Acid,  or  Metastannic  Acid.  —  The  product  of  the 
action  of  nitric  acid  upon  tin  is  a  hydrated  stannic  oxide  like  the  fore- 
going substance,  but  is  not  identical  with  it.  It  is  not  easily  soluble 
in  alkalies.  By  boiling  it  with  caustic  soda,  however,  and  then  ex- 
tracting with  pure  water,  a  soluble  sodium  ;8-stannate,  Na^Sn^Ojj,  is 
obtained.  /8-stannic  acid  is  also  very  slowly  attacked  by  acids,  and 
the  chloride  secured  from  it  is  not  identical  with  the  ordinary  chloride. 
For  these  reasons  it  is  supposed  to  l)e  a  hydrate  of  a  polymer  of 
stannic  oxide  (SnOj)^.  When  fused  with  caustic  soda,  it  gives  the 
.  same  ot-stannate  as  does  the  dioxide  itself. 

The  difference  between  the  properties  of  the  two  stannic  acids! 
was  noticed  by  Berzelius  (1811),  and  was  the  first  case  in  which  iden- 
tity in  composition  was  found  not  to  be  accompanied  by  identity  in 
properties  (rf.  Isomers,  p.  488). 

The  Oxides  of  Tin,  —  When  stannous  oxalate  is  heated  in  absence 
of  air,  stannous  oxide  remains  :  SnCjO^  — >  SnO  +  COj  -f  CO.  It  is  a 
black  powder  which  burns  in  the  air,  giving  the  dioxide.  The  corre- 
sponding hydroxide  Sn,0(OH),  is  formed  by  adding  sodium  carbonate 
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to  stannous  chloride  solution.  It  is  a  white  powder,  easily  dehydrated, 
and  interacts  with  alkalies  to  give  a  soluble  stannit*,  3ueh  as  Na^SnO^ 
When  the  solution  is  boiled,  tin  is  deposited,  and  sodium  stantiate  is 
formed,  the  behavior  resembling  that  of  cuprous  oxide  when  heated 
with  acids  (p.  622).     With  acids,  the  hydroxide  gives  stannous  salts. 

Stannic  o^de  is  found  in  nature  {p.  693),  and  may  be  made  in  pure 
form  by  igniting  ^-stannic  aeid.  When  heated,  it  becomes  yellow,  but 
recovers  its  whiteness  when  cooled  {rf.  Zinc  oxide,  p.  648).  Prepared 
at  a  low  temperature,  it  interaetB  easily  with  acids,  but  after  strong 
ignition,  is  affected  by  them  very  slowly. 

The  Siiipftifleft  of  Tin,  —  Stannona  nulphide  is  obtained  as  a  dark- 
brown  precipitate  when  hydrogen  sulphide  is  led  into  a  solution  of  a 
stannous  salt. 

Stannic  salphide  is  formed  likewise  by  precipitation,  and  is  yellow 
in  color.  It  is  made  also  by  heating  together  tin  tilings,  mercuiy,  sul- 
phur, and  ammonium  chloride.  The  mercury  and  ammonium  chloride 
are  ultimately  volatilized,  and  the  stannic  sulphide  remains  in  the  form 
of  yellow,  crystalline  scales  ("mosaic  gold"  or  "bronze  powder"). 
Stannic  sulphide  loses  sulphur  when  strongly  heated,  and  leaves  stan- 
nous sulphide.  It  is  not  much  affected  by  dilute  acids,  but  interacts 
with  solutions  of  ammonium  sulphide  or  sodium  sulphide,  giving  a 
soluble  complex  sulphide,  the  sulphostannate : 

SnS,  -I-  (NHJ,S  -^  (NHJj.SnS,. 

The  corresponding  sodium  salt  is  easily  crystallized  in  the  form 
KajSnS,,2H30.  Stannous  sulphide  is  not  affected  by  sulphides,  but 
polysulphides,  such  as  yellow  ammonium  sulphide,  give  with  it  the 
above  mentioned  aulphostannates  i 

8nS  +  (NHJ,S  +  S  -^  (NH,),.SnS,.  ^ 

With  acids  the  sulphostan nates  undergo  double  decomposition,  but 
the  free  acid  Hj.Sn8,  thus  piroduced  is  unstable  and  Ijreaks  up,  giving 
off  hydrogen  sulphide,  and  depositing  stannic  sulphide,* 

Analytical  Reaction*  of  Salts  of  Tin, —  The  two  ionic  forms 
of  tin,  Sn",  and  Sn"",  are  both  colorless.     Their  behavior  is  different. 

•  These  and  Himilar  compounds  are  often  called  tliiostaimates,  onhoiLian- 
timonates,  etc.  The  prcllx  «u1pho<  gives  more  euphonious  words,  however,  tuid 
is  used  here  for  all  excepting  tbe  thiocyanates. 
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They  give  a  brown  and  a  yellow  sulpldde,  respectively,  with  hy^ 
sulphide.  The  solubility  of  these  sulphides  in  yellow  junjnoniam 
sulpldde  distinguishes  them  (<;/  p.  G61)  from  those  of  cadmium,  c  ■  ■ 
and  other  metals  whose  sulidiides  are  similarly  insoluble  in  dilutt^  ■ 
The  sulphides  of  arsenie,  antimony,  and  gold  (y.c),  however,  behave 
like  those  of  tin  in  this  respect.  The  redueing  power  of  distanitton 
Sn"  is  very  chavacteristic  (p.  G95).  Zinc  displaces  tin  from  solutions 
of  its  salts.  The  oxides  are  rediicwl  by  charcoal  iu  the  reducing  part 
of  the  Bunsen  flame  and  the  metal  is  hberated. 


Lead. 


4 


TJ^e  Chemicnl  Relations  of  the  Element.  —  Lead  is  both  biva- 
lent and  quadrivalent.  Tlie  oxides  TbO  and  PbO„  and  the  correspond- 
ing hydtaleil  oxides,  are  both  basic  and  acidic,  L<?ad  monoxide  ia  a 
fairly  active  base,  i-om parable  with  cupric  oxide,  and  lead  dioxide  a 
feeble  one.  Both  are  feebly  acidic.  The  salts  of  bivalent  lead,  like 
Pb(NO,),,  oommouly  called  the  plumbic  salts,  are  somewhat  hydrolyxed 
by  water,  but  less  so  than  are  those  of  tin.  The  tetrachloride  and 
other  ealts  of  quadrivalent  lead  are  completely  hydrolyzed.  The 
plunibites  Naj.PbOj  and  plumbat^s  Ka^.l'bOj  are  hydrolyzed  to  a  con- 
siderable exteut.  All  the  compounds  in  which  lead  is  quadrivalent 
give  up  half  of  the  negative  radical  readily,  and  are  redueed  to  th« 
"plumbic"  condition.  The  metal  displaces  hydrogen  with  difficulty, 
and  is  easily  displaced  by  zinc.  Letul  compounds  are  all  poisunou 
and  the  effects  of  repeated,  very  minute  doses  are  cumulative  - 
suiting  in  "  lead  ooUc," 


Occurrence  tintl  Metallttrffff,  —  Commercial  lead  is  almost 
obtained   from    galena    FbiS,  which  crystallizes   in   cubes.     This  or»' 
often  contains  considerable  amounts  of  silver  sulphide  Ag,S,  which 
i#isomorphous  \^^th  it,  and  it  occurs  in  association  with  sulphides  of 
arsenic,  antimony,  zinc,  copjier,  and  iron.     Other  salts  of  lead  are  of 
less  common  occurrence. 

The  sulphide  of  lead  is  firs.t  roasted  until  a  sofflcient  proportion 
of  it  has  been  converted  into  the  oxide  and  sulphate.  The  furnace- 
doors  are  then  closed,  and  the  temperature  raised  in  order  that  these 
products  may  interact  with  the  unchanged  part  of  the  sulphide ; 


PbS  +  2PbO 
PbS  +  PbSO, 


►  3Pb  +  SD„ 
V 2?b  +  2S0^ 


I 

p 
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Another  plan  consists  in  heating  gaJenite  with  serap  iron  or  iron  orea 
and  coal : 

Pb8  +  Fe  ^  Pb  +  FeS. 

The  molten  ferrous  sulphide  rises  to  the  top  as  a  matte. 

The  purification  of  the  leatl  from  the  other  metals  whose  sulphides 
have  been  reduced  at  the  aanie  time  is  often  troublesome.  In  Parke's 
process  (p.  027)  for  the  extraction  of  the  silver  by  means  of  ainc,  the 
greater  part  of  the  foreign  metals,  with  the  exception  of  bismuth, 
passes  into  the  zinc  scum.  About  0.6  per  cent  of  zinc  remains  iii  the 
leiul,  and  is  oxidized  by  tlni-  action  of  a  jet  of  steam  before  the  lead  is 
poured  into  the  niolds.  Iir  one  establishment,  at  Trail,  near  liossland, 
B.C.,  the  refining  is  carried  out  electrolytically.  The  lead  is  oast  into 
plat«8,  and  the  process  is  simitar  to  that  used  for  refining  copper 
{p.  617),  The  bath  is  a  solution  of  hydrofluosiHciu  acid  contauiing 
hydrofluosilicate  of  lead.  The  less  electro-positive  metals,  Cu,  Sb,  Hi, 
As,  Ag,  Au,  with  lO-lt'i  per  cent  of  lead,  remain  as  a  sort  of  skeleton 
of  the  anode,  while  Zn,  Co,  Ni,  and  Fe  go  into  solution  and  are  not 
redeposited. 

Phyaical  and  Chemtcal  Properties.  —  Metallic  lead  is  gray  in 
color,  very'  soft,  and  of  small  tensile  strength.  Its  specific  gravity  is 
11.4,  and  its  meltiug-poiut  3'2(i°.  While  warm,  it  is  formed  by  hydraulic 
pressure  into  pipes  which  are  used  in  plumbing  and  for  covering  elec- 
tive cables.  On  account  of  its  very  slow  interaction  with  most  sub- 
stances,  sheet  lead  is  used  in  chemical  factories,  for  example,  to  line 
sulphuric-aeid  chambers.  An  alloy  containing  0.6  per  cent  of  arsenic 
is  used  in  making  small  shot  and  shrapnel  bullets.  Type-metal  con- 
titins  20-25  per  cent  of  antimony  0^ ■>'.}.  In  both  cases  greater  hard- 
ness ((/.  p,  532)  is  secured  by  the  addition  of  the  foreign  metal. 

Lead  oxidizes  very  superficially  in  the  air.  The  suboxide  Pb,0  is 
supposed  to  be  first  formed.  The  final  covering  is  a  basic  carbonate. 
Contact  with  hard  waters  coufei-3  upon  lead  a  similar  coating  composed 
of  the  carbonate  and  the  sulphate.  These  deposits,  being  insoluble, 
inclose  the  metal  and  protect  the  water  from  contamination  with 
lead  compounds.  Pure  rain-water,  however,  since  it  has  no  hard- 
ness, but  contains  oxygen  in  solution,  gives  the  hydroxide  Pb(OH)j, 
which  is  noticeably  soluble.  When  heated  in  the  air,  lead  gives 
the  monoxide  PbO  or  minium  Pb^O^  according  to  the  temperature 
(see  below). 
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The  metal  displaces  hydrogen  from  hydrochloric  acid  very  slowly. 
It  is  hardly  affected  by  couceutrated  sulphuric  acid,  although,  wbea 
the  commercial  acid  is  diluted  with  water,  a  slight  precipitate  of  lewl 
sulphate,  acquired  from  the  evapn rating-pans,  is  thrown  down,  Nitric 
acid  attacks  it  readily,  giving  lead  nitrate  and  oxides  of  nitrogen  (p. 
446). 


Chlorides  and  Iodide  of  Lea^. — ^  Plumbic  chloride  is  precipi- 
tated when  a  soluble  chloride  is  added  to  a  solution  of  a  soluble  lead  salt. 
It  is  slightly  soluble  in  water  (1.6  :  100)  at  18°,  and  considerably  more 
so  at  100°.  In  the  saturated  solution  at  25°  about  50  per  cent  of  the 
lead  is  in  the  form  Pb",  44  per  cent  iis  PbCl',  and  6  per  cent  as  PbCl, 
(cf.  p.  346). 

Iiead  tetraoMoride  is  a  solid  at  —16",  and  losea  chlorine  at  the 
ordinary  temperature.  It  is  made  by  passing  chlorine  into  plutubie 
chloride  suspended  in  hydrochloric  acid.  The  solution  appears  to  con- 
tain HjPbCI,.  With  ammonium  chloride  this  solution  deposits  crystals 
of  a  double  or  complex  salt  PbCl4,2NH4Ct  analogous  to  pink-ealt 
(p,  695).  When  this  is  thrown  into  cold,  concentrated  sulphuric  acid, 
an  oil  of  the  composition  PbCl,  settles  to  the  bottom.  The  oil  fumes 
in  the  air,  and,  in  general,  closely  resembles  stannic  chloride  SqC)^ 
WTien  dissolved  in  little  water,  it  slowly  deposits  PbCJ,  and  gives  off 
chlorine.  With  much  water  it  is  quickly  hydrolyzed,  and  lead  dioxide 
is  thrown  down : 

PbClj  +  2H,0  -» PbO,  +  4HC1. 

Lead  Iodide  Pbl,  is  yellow  in  color,  and  is  formed  by  precipitatia 
It  is  somewhat  soluble  in  boiling  water,  and  crystallizes  in  ye 
scales  from  the  hot  solution. 

Plumbic  chloride  and  iodide  are  both,  under  some  conditions,  mora 
soluble  in  acids  or  salts  with  a  common  negative  ion  than  they  are  ; 
water,  and  form  soluble,  but  somewhat  unstable,  complex  salta 
p.  621). 

Ij 

Oxides  and  Ui/droxides, — ^  There  are  five  different  oxides  of 
lead,  Vhfi,  PhO,  Pb,Oi,  Pb,0„  and  PbO,.  The  •nbojade  Pb,0  is  a 
dark-gray  powder,  formed  by  gently  heating  the  oxalate.  Plombic 
oxide,  or  lead  monoxide  PbO,  is  made  by  cupellation  (p.  627)  of  lead, 
and  the  solidified,  crystalline  mass  of  yellowish-red  color  is  sold  as 
"  litharge."    The  yellow,  powdery  form  is  called  "  massicot,"  and  vaa^ 
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be  obtained  by  heating  the  nitrate  or  carbonate.  All  the  other  oxides 
yield  this  one  when  they  are  heated  above  600°  in  the  air.  Plumbic 
oxide  takes  up  carbou  dioxide  from  the  air,  and  therefore  usually  cou- 
tiuns  a  basic  carbonate.  It  dissolves  in  warm  aodiuui  hydroxide  solu- 
tion, giving  a  pluiubite  Naj.FbO,;  a  saturated  solution  redeposits 
pitrt  of  the  oxide  in  crystalline  form  when  it  cools.  The  oxide  is  uaed 
in  glass-making  and  for  preparing  salts  of  lead. 

Plumbio  hydroxide  is  formed  by  precipitation.  It  gives  up  water 
in  three  stages  with  different  aqueous  tensions  ('/'  p.  121'),  the  prod- 
ucts in  the  order  of  decreasing  tension  beiug  Pb(OH)i,  Pb,0(OH)i, 
Pb,Oj(0H)j,,  These  substances,  as  will  be  seen,  are  eqiiivaleut  in 
composition  to  PbO,  IT/>,  21MjO,  H/),  and  3PbO,  H^O  resfiei-ti  vely.  The 
hydroxide  is  observably  soluble  in  water,  and  gives  a  solution  with  a 
faintly  alkaline  reaction.  With  acids  it  forms  salts  of  lead.  It  inter- 
acts also  with  potassium  and  sodium  hydroxides  to  form  the  soluble 
plumbltea,  like  Naj-PliOj. 

Minium,  or  red  lead,  Pb,Oj,  gives  off  oxygen  when  heated  : 


2Pb,Oj?r*6PbO  +  0^ 

The  dissociation  pressure  varies  with  the  temperature : 


Temperature     . 
Pressure  in  ram. 


445° 
5 


600° 
60 


183 


636« 
763 


Since  the  i>artial  pressure  of  oxygen  in  the  air  is  150  mm.,  the  8ul> 
stance  decomposes  at  about  55(P.  It  can  be  formed  in  air  by  reversal 
of  the  action  represented  above,  but  only  betow  this  temperature 
(cf.  p.  591).  In  pure  oxygen  of  one  atmosphere  pressure  it  could  he 
formed  at  600°,  but  not  at  650°.  On  account  of  unequal  heating 
during  manufactjire.  Commercial  red  lead  is  never  fully  oxidized,  and 
always  contains  litharge.  Conversely,  commercial  litharge  usually 
contains  a  little  minium. 

Minium,  when  heated  with  warm,  dilute  nitric  acid,  is  decomposed, 
and  leaves  lead  dioxide  as  an  insoluble  powder.  It  is  therefore  re- 
garded as  lead  orthoplumbate  (see  below)  : 

Pb^PbO,  +  4mT0i  ^  2Pb(N0,),  -|-  H^PbO,. 

The  double  decomposition  as  a  salt  that  it  thus  undergoes  is  followed 
by  dehydration  of  the  plumbic  acid,  which  is  unstable  (H,PbO,  — •■ 
PbO,  -(-  2HjO),  and  the  dioxide  remains.     Red  leail  is  used  in  glass- 
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making,  and,  when  mixBd  with  oil,  gives  a  red  paint  which  ia  speciallj 
applicable  to  iron-work  (cf.  p.  658). 

Iiead  dioxide  may  be  obtained  as  described  atove  in  the  form  of  a 
brown  powder.  Unlike  most  oxides,  it  is  a  conductor  of  electricity. 
It  is  usually  made  by  adding  bleaching  powder  to  an  alkaline  solution 
of  plumbic  hydroxide : 


Na^PbO,  +  Ca{OCl)Cl 


lip 


2NaOH  +  CaCL,4-l'bO,|. 


In  this  action  we  may  regard  the  free  lejul  hydroiide,  formed  hf 
liydrolj'sis  of  the  plumbite,  as  being  oxidized  by  the  bleaching  powder. 
This  dioxide  is  an  active  oxidizing  agent.  It  interacts  witli,  and 
sets  fire  to,  a  stream  of  hydrogen  sulphide,  and  it  liberates  chlorine  from 
hydrochloric  acid.  With  acids  it  gives  no  hydrogen  peroxide,  aod  is 
not  a  peroxide  in  the  restricted  sense  of  the  term  (p.  308),  Lead 
dioxide  interacts  with  potaaaiiuii  and  .sodium  hydroxides,  giving  soluble 
plumbates.  These  are  derived  from  metapliimbic  acid.  The  potaa- 
sinin  salt  K,FWJ3,3H,0  is  analogous  to  the  iiietastannate  KjSnO„3H,0 
(p.  696),  A  mixture  of  calcium  carbonate  and  lead  monoxide  absorhs 
oxygen  when  heated  in  a  stream  of  air,  and  the  yellowiah-red  calcium 
orthoplumbate  is  formed : 

4CaC0,  +  2PbO  +  0,rs  2Ca,PbO,  +  4C0,. 

The  action  is  reversible,  and  is  at  the  basis  of  Kaasner's  method  of 
mauuf actuiing  oxygen  from  the  air. 


i 


The  Storage  Bfiftery.  —  In  the  Storage  battery  the  plates  con- 
sist of  leatlen  gi-atings,  the  openings  of  which  are  tilled  with  the  active 
materials,  and  the  fluid  is  dilute  sulphuric  acid.  When  the  balteiy 
discharges,  the  SO,"  ions  migrate  towards  those  plates  (usually  tbe 
outer  ones)  which  are  filled  with  finely  divided  lead,  and  convert  this 
into  a  mass  of  (insoluble)  lead  sulphate:  SO/'  +  Pb  — •  PbSO,  -1-2  9. 
These  plates  receive  therefore  negative  charges.  Simultaneously  the 
H'  ions  pass  towards  the  other  plates,  and  reduce  to  monoxide  the 
lead  dioxide  with  which  they  are  filled  : 

2H*  +  PbO.  -♦  H,0  +  PbO  +  2  ®. 

These  plates  acquire  positive  charges,  and,  by  secondary  tnteractiou  of 
the  monoxide  with  the  sulphuric  acid,  become  tilled,  like  the  negativB 
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plates,  with  lead  sulphate.  During  the  discharge  the  fluid  thus  loses 
much  sulphuric  acid,  aad  acquires  a  lower  specific  gravity,  a  fact  by 
means  of  which  the  approach  ot  complete  ^schai'ge  may  be  ascer- 
tained.    The  E.M.F.  of  the  current  is  about  2  volts. 

When  a  curreut,  opposite  in  direction  to  the  one  which  it  jrields,  is 
led  into  the  eihausted  cell,  the  negative  terminal  of  the  dynamo  cir- 
cviit  being  connected  with  the  negative  pole  of  the  battery  and  the 
positive  with  the  positive,  a  new  set  of  changes  occurs.  The  H'  ions 
of  the  bath  ai'e  attracted  to  the  plate  which  hiis  the  negative  cliarge,  and 
an  equivalent  number  of  SO/'  ions  are  formed,  so  that  only  metallic 
lead  remains : 

PbSO,  +  2H'  -J-  2  0  ->  Pb  +  2H-  +  SO/'. 

To  express  this  otherwise,  the  hydrogen  here  reduces  the  lead  sulphate 
(which  is  white)  to  metallic  lead  (a  black  powder).  Simultaneously 
the  SO/'  is  attracted  to  the  positively  charged  plate,  and  forms  lead 
persulphate  with  the  lead  sulphate  there  present ;  SO"  +  PbSO,  +  2 
©  — +  Pb(SO^)j.  The  lead  persulphate,  however,  in  a  battery  which  is 
working  normally,  is  at  once  hydrolyzed,  and  the  filling  of  the  plate  is 
changed  into  lead  dioxide  :'  Pb(SOJ,  +  2HjO  -*  PbO,  +  2HjS0j. 
Both  plates  are  thus  brought  back  to  the  condition  in  which  they  were 
before  the  discharge. 

The  set  of  changes  last  described,  that  involved  in  the  operation  of 
charging,  consumes  energj',  while  the  clmnges  connected  with  the  dis- 
charging, liberate  energy.  The  whole  may  be  put  into  a  single  equa- 
tion : 

CiUltgB  — ► 

2PbS0<  -t-  2HjO  1^  Pb  +  211,80,  +  PbO,. 

* —  Diachuge 


Lead  Nitrate,  —  This  salt  may  be  made  by  treating  lead,  lead 
monoxide,  or  lead  carbonate  with  nitric  acid.  It  forms  white,  anhy- 
drous octahedra.  The  nitrate  and  acetate  (see  below)  are  the  salts  of 
lead  which,  because  of  their  solubility,  are  most  commonly  used.  The 
solubility  of  the  nitrate  is,  48  jiarts  in  100  at  10°,  and  153  parts  in 
100  at  100°.  Since  the  solubility  increases  with  rise  in  temperature, 
we  should  expect  the  process  of  solution  to  be  accompanied  by  absorp- 
tion of  heat  (p.  260),  and  this  is  found  to  be  the  case.  On  accoimt  of 
hydrolysis,  the  solution  is  acid  in  reaction. 
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Lead  Carbmtate.  ^Thxs  ,ootnpound  is  found  in  nature  in  rhombic 

crystals  isomorphous  with  those  of  aragonite.  It  may  be  formed  as  a 
pi'ecipitate  by  adding  a  soluble  bicarbonate  to  lead  nitrate  aolutioD. 
With  normal  sodium  carbonate,  a  basic  carbonate  Pb5(0H  )j(CO()j  is  de- 
]>osited.  This  basic  salt  is  identical  with  white  lead,  which,  on  account 
i>f  its  superior  opacity,  has  better  covering  power  than  zinc-white 
(p.  ()48)  or  permanent  white  (p. 610),  The  substance  is  naauufactuied 
io  various  ways,  all  of  which  involve  the  oxidation  of  the  lead  by  the 
air,  the  formation  of  a  basic  acetate  by  the  interaction  of  vinegar  or 
acetic  acid  with  the  oxide,  and  the  subsequent  decomposition  of  the  salt 
by  carbon  dioxide.  The  best  quality  is  obtained  by  the  I>utch  method, 
lu  this,  gratings  of  cast  lead  are  placed  above  a  shallow  layer  of  vinegar 
lit  small  pots,  These  pots  are  buried  in  manure,  which  by  its  deoom- 
position  furnishes  the  carbon  dioxide  and  the  neoeasary  warmth.  The 
gratings  are  gradually  converted  into  a  white  mass  of  the  basic  carbonate. 
'J'be  vapor  of  acetic  acid  arising  from  the  vinegar  may  be  regarded  as  a 
catalytic  agent  (*/,  p.  608),  since  it  is  used  over  and  over  again. 


Lvftd  Actftate.  —  This  salt  is  made  by  the  action  of  acetic  acid  on 
litharge,  and  crystallizes  in  prisms  of  the  composition  Pb(C,H,Oj)^ 
3H/),  It  is  easily  soluble  in  water,  and,  from  the  sweet  taste  of  the 
solution,  is  named  sugar  o(  lead  {used  in  medicine).  The  baaic  salt 
I'b(OH)((,'jll,0,)  is  formed  by  boiling  a  solution  of  lead  acetate  with 
excess  of  litharge.  Unlike  most  basic  salts,  this  basic  salt  is  soluble  in 
water,  and  its  solution  has  a  faintly  alkaline  reaction. 


Lend  Snlphnte.  —  The  sulphate  occurs  in  nature  as  anglesit«,  aod 
is  isomorplious  with  heavy  spar.  Being  insoluble  in  water,  it  is  easily 
obtaiucd  by  precipitation.  It  is  slightly  soluble  in  concentrated  sul- 
phuric acid  (p,  387),  It  is  dissolved  to  a  noticeable  extent  by  nitric 
acid,  since  this  acid  is  more  active  than  sulphuric  acid  (<■/.  p.  601). 
It  is  also  soluble  in  concentrated  sodium  hydroxide  solution,  on  ac- 
count of  the  removal  of  the  Pb"  ions  which  are  a  factor  in  its  solubility 
product  and  their  passage  into  the  PbO,"  anion  of  sodium  plumbite 
{<!/.  p.  621).  Finally,  it  dissolves  easily  in  ammonium  tartrate,  since 
lead  enters  into  the  complex  anion  of  the  tartrates  in  the  same  way 
that  copper  does  {tf.  p,  623).  Barium  sulphate,  which  is  of  the  same 
order  of  insolubility  as  lead  sulphate,  is  somewhat  affected  by  nitric 
acid,  but  not  by  so<lium  hydroxide  or  by  tartrates.  The  element 
barium  lacks  both  the  characteristics  which  lead  here  exhibits. 
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Liead  Sulphide, —  Natural  lead  sulphide  (galena)  is  black,  and  its 
crystals  have  a  silvery  luster.  The  precipitated  salt  is  black  and 
amorphous.  It  is  more  easily  attacked  by  active  acids  than  is  mercuric 
sulphide  (r/.  p.  651 ).  Coneeutrated  nitric  acid,  being  an  oxidizing  agent 
as  well  as  an  acid,  attacks  and  dissolves  it  readily. 

AnalyHcal  ReacNona  of  Lead  Compounds,  —  Hydrogen  sul- 
phide precipitates  the  black  sulphide,  even  when  dilute  acids  are 
present.  Sulphuric  acid  throws  down  the  sulphate.  Potassium  hy- 
droxide gives  the  white  hydroxide,  which  dissolves  in  excess  to  form 
the  plumbite.  Potassium  ehromate  or  dichromate  (y.f.)  gives  a  yellow 
precipitate  of  lead  chi'omate  PbCrO,,  which  is  used  as  a  pigment  under 
the  name  of  "  chrome-yellow." 


^ 


TiTAjntJM,  ZiKcoNicTK,  Cbbium,  Thobium. 

The  metals  on  the  left  side  of  the  fifth  column  of  the  periodic  table 
are  all  quadrivalent,  although  compounds  in  which  a  lower  valence  ap- 
pears are  numerous  in  this  family.  The  first  two  are  feebly  base-form- 
ing as  well  as  feebly  acid-forming  j  the  last  two  are  base-forming  ex- 
clusively. 

Tltanlom  occora  in  rutile  TiTiO^.  Derived  from  it  are  a  number  of 
titanates  of  the  form  KjTiO^  titanic  iron  ore  (meiiaccanite)  being  fer- 
rous titanate  FeTiO,. 

Zirconium  is  found  in  zircon,  the  ortbosilicate  of  zirconiiun 
ZrSiO,,  which  occurs  in  square  prismatic  crystals  isomorphous  with 
rutile,  cassiterite  (SnSnO^),  pyrolusite  (MuSInO^),  and  thorite 
(ThSiOt).  The  oxide  is  used  in  making  the  incandescent  substance  in 
some  forms  of  gas  lamps. 

Cerium  occurs  chiefly  in  oerite  [Ce,  La,  Nd,  Pd]SiOi,H,0. 

Thorium  is  found  in  thorite  ThSiO,  but  most  of  the  supply  comes 
from  muuazite  sand.  The  nitrate  Th{NO()„ 611,0  is  used  in  making 
Welsbach  incandescent  mantles  (/•/.  Flame,  p.  510).  The  mantle  of 
knitted  cotton  is  dipped  in  a  solution  of  this  salt  along  with  one  per 
cent  of  cerium  nitrate  Ce(NO,)„  and  is  then  ignited.  The  oxides  ThOj 
(thoria)  and  CeO,  (ceria)  which  remain  form  a  fairly  coherent  mass. 
Larger  or  smaller  proportions  of  cerium  oxide  diminish  the  luminosity  of 
the  glowing  material.  It  is  supposed  that  the  particles  of  finely  divided 
cerium  oxide  assist  the  union  of  the  oxygen  and  illuminating-gas  cata- 
lytically  and  hence  are  themselves  raised  to  a  high  temjierature  by  the 
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action  which  is  thus  concentrated  in  their  neighborhood.     The  thorn 
acts  simply  as  a  nonconducting  support  for  the  ceria. 

The  Nernst  lamp  is  an  incandescent  electric  lighting  arrangement  in 
which  a  rod  of  the  oxides  of  several  of  the  rare  metals  takes  the  place  of 
the  common  carbon  filament.  The  peculiarity  of  this  lamp  is  that  pre- 
heating is  required  before  the  rod  attains  a  temperature  at  which  it 
will  conduct  the  current.  When  this  point  has  been  once  reached,  the 
resistance  enables  the  current  to  maintain  the  rod  at  the  temperature 
of  incandescence.  For  equal  consumptions  of  electricity,  this  form  of 
electric  lamp  gives  a  greater  yield  of  light  than  does  the  ordinaiy, 
carbon-filament,  incandescent  bulb. 

Exercises. — 1.   In  what  order  should  you  place  the  elements  dealt 

with  in  this  chapter,  beginning  with  the  least  metallic,  and   ending 
with  the  most  metallic  (p.  633)  ? 

2.  Construct  equations  showing  (a)  the  interaction  of  tin  and  con- 
centrated sulphuric  acid,  (b)  of  water  and  stannous  chloride,  («)  of 
chlorauric  acid  and  stannous  chloride  (p.  695),  (d)  of  oxygen  and  stan- 
nous chloride  in  acid  solution,  («)  the  decomposition  of  lead  oxalate 
(p.  700),  (/)  the  interaction  of  lead  monoxide  and  acetic  acid,  {;/)  and 
of  lead  monoxide  and  lead  acetate. 

3.  To  which  class  of  ionic  actions  do  the  reductions  by  stannous 
chloride  l^elong? 

4.  What  interactions  probably  occur  when  lead  dioxide  liberates 
chlorine  from  hydrochloric  acid  ? 

5.  How  should  you  set  about  preparing  (a)  lead  oxalate  (insol- 
uble), (6)  lead  chlorate  (soluble)  ? 

6.  Should  the  formula  of  the  sulphate  of  quadrivalent  lead  be 
written  Pb(S04)j  or  PbS.,0„  and  is  it  related  to  persulphuric  acid 
(H,SP,)  ? 

7.  Describe  in  terms  of  the  categories  used  in  connection  with  the 
phase  rule  (p.  692)  the  system  furnished  by  miniiun  at  600°. 


CHAPTER  XLI 

ARSBNIC,  ANnMOITT,  BIBBCTTTH 

This  family  is  very  closely  related  to  the  elements  phosphorus  and 
nitrogen  which  precede  it  in  the  same  column  of  the  periodic  table. 
In  reading  this  chapter,  therefore,  constant  reference  should  be  made 
to  the  chemistry  of  the  corresponding  compounds  of  phosphorus.  A 
general  comparison  of  the  elements  arsenic  (As,  at.  wt.  76),  antimony 
(Sb,  at.  wt.  120.2)  and  bismuth  (Bi,  at.  wt.  208.5)  with  each  other  and 
with  the  two  already  disposed  of  will  be  given  at  the  end  of  this  chap- 
ter. It  is  sufficient  here  to  say  that  arsenic  is  mainly  an  acid-forming 
element,  and  is  therefore  a  non-metal,  while  antimony  is  both  acid- 
forming  and  base-forming,  and  bismuth  is  base-formingi  Each  of  the 
three  elements  gives  sets  of  compounds  in  which  it  is  trivalent,  and 
others  in  which  it  is  quinquivalent.  None  of  the  free  elements  dis- 
places hydrogen  from  dilute  acids. 

Absenio. 

The  Chemical  Relations  of  the  Element.  —  Arsenic  forms  a 
compound  with  hydrogen  AsH,.  It  gives  several  halogen  derivatives  of 
the  type  AsX,  which  are  completely  hydrolyzed  by  water.  Its  oxides 
and  hydroxides  are  acidic.  Salts  derived  from  H,AsO,  ( =  A8,0„3H,0) 
and  HAsO,  ( =  A8jOj,H,0),  and  named  orthoarsenites  and  metarsenites, 
are  known,  as  are  also  salts  derived  from  various  arsenic  acids : 

HjAsO,  =  As,0„3H,0  =  AsO(OH)„ 
H^AsjO,  =  As,0„2H,0  =  As,0,(OH)„ 
HAsO,    =A8,0„HjO    =AsO,(OH). 

In  analogy  to  the  phosphates  (p.  465),  these  are  named  ortho-,  pyro- 
and  metarsenates  respectively.  The  last  column  shows  a  method  of 
writing  the  formulae  which  is  often  adopted  (c/.  p.  470).  Sulphates, 
nitrates,  carbonates,  and  other  salts  of  arsenic  are  not  formed.  There 
are,  however,  complex  sulphides  of  the  forms  Na^AsS,  (sodium  ortho- 
sulpharsenite),  N'ayA8S4  (sodium  orthosulpharsenate),  etc. 

In  many  natural  sulphides,  such  as  pyrite  EeS,  and  zinc-blend'' 
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ZnS,  a  part  of  the  sulphur  is  replaced  by  arseoio,  which  must  theif- 
fore  be  playing  the  part  of  a  bivalent  element  in  auch  cases.  When 
much  arsenic  is  present,  the  formulae  are  written  thus ;  Fe[S,Aa3,  and 

Zn[8,A8]. 

Oecurrence  and  P reparation.  —  Arsenic  is  found  free  in 
nature.     It  occurs  also  in  combination  with  many  metals,  particularly 

in  arseuieal  pyrites  FeAsS.  Two  sulphides  of  arsenic,  orpimeat 
AhjS,  and  realgar  AsjS,,  and  an  oxide,  white  arsenic  As,0,,  are  tem 
common. 

The  element  is  obtained  either  from  the  native  material  or  by  heating 
arsenical  pyrites  :  FeAsS  — >  PeS  +  As.  During  the  roosting  of  the 
sulphur  ores  of  metals,  arsenic  trioxide  is  formed  by  the  oxidation  of 
the  arsenic  so  frequently  present,  and  collects  as  a  dust  in  the  flues. 


Physical  Properties. —  In  its  ordinary  condition,  the  free  element 

is  steel-gray  in  color,  metallic  in  appearance,  and  crystalline  iu  form. 
When  the  vapor  is  suddenly  cooled,  however,  a  yellow  variety  is 
obtained,  which  is  soluble  in  carbon  disulphide,  is  phosphorescent  is 
the  air,  and  in  other  ways  resembles  common  phosphorus.  This,  like 
yellow  phosphorus,  is  the  less  stable  form. 

Eleineutaiy  arsenic  is  easily  volatilized  at  180°,  and  acquires  a  vapor 
pressure  of  760  mm.  long  before  the  melting-point  (480°,  under  high 
pressure)  is  reached.  The  density  of  the  vapor  measured  at  644* 
gives  308.4  as  the  weight  of  the  G.M.V.  (22.4  liters  at  0"  and  760 
mm.).  The  weight  combining  with  one  chemical  unit  weight  (35.45  g.) 
of  chlorine,  is  75  g.,  and  this  is  the  amount  of  the  element  found  in  the 
G.M.V.  of  the  vapor  of  the  chloride.  It  is  also  the  smallest  weight 
found  in  the  G.M.V.  of  any  volatile  compound  of  arsenic,  and  is  there- 
fore accepted  as  the  atomic  weight.  Sine*  308.4  is  equal  approxi- 
mat«ly  to  4  x  75  (=  300),  the  formula  of  the  vapor  of  the  simple 
substance  at  644*>  is  As^.  At  1700°  dissociation  has  occurred,  and  the 
formula  is  Aa,  (c/.  p.  206). 

Chemical  Properties,  —  The  free  element  bums  in  the  air,  pro- 
ducing clouds  of  the  solid  trioxide  As,0,.  It  unites  directly  with  the 
halogens,  with  sulphur,  and  with  many  of  the  metals.  When  boiled 
with  nitric  acid,  chlorine  water,  and  other  powerful  oxidizing  ageats, 
It  is  oxidized  in  the  same  way  as  is  phosphorus,  and  yields  araenic 
acid  HjAsOf. 
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ArHne.  —  This  substance  corresponds  in  (ompARitton  to  iiminoni» 
and  phosphine,  and  some  of  the  ways  in  which  it  may  he  foriitcd  are 
aoalogous  to  those  used  in  the  case  of  thcae  siilistances.  Thus,  wlmu 
arsenic  and  zinc  are  melted  together  in  the  proportiims  to  form  /.iiw 
arsenide  Zn^As^  and  the  proihict  is  treattnj  with  ilihite  hydrochlorio 
acid,  the  result  is  similar  to  the  action  of  wufcv  or  ililvitt>  iH'ids  upon 
caldum  phosphide.  Arsine  in  fairly  puru  couditioik  in  evolved  lis 
a  gas : 

ZhjAs,  +  6HC1  -»  2A3H,  +  3ZnCl,. 

Araine  is  formed  also  hy  the  action  of  uusccnt  hydrogcu  (rf.  p.  Ili.l) 
upon  soluble  compounds  of  arsenic,  such  lU)  arscuioua  eliloride  AsCi, 
or  arsenic  acid.  Wlien  a  solution  of  one  of  thcHo  substances  in  milled 
to  zinc  aud  hydiochloric  acid  in  a  generating  Hiusk,  the  disntfreeiililu 
odor  of  the  hydrogen  evolved  ssliowa  the  presence  oi  the  arsine ; 

AsCl,  +  r.H  -.  AsH,  +  3HC1, 

This  method,  naturally,  does  not  furnish  pure  arsine,  for  free  hydrogmi 
predominates  in  the  gas.  Pnrc  arsine  may  be  aenured  by  hmding  llm 
mixture  with  hydrogen  tli rough  a  U-tube  immersed  in  liquid  uir.  Tim 
arsine  (b.-p.  —  40°)  condenses  as  a  colorless  Hfiuiil. 

Arsine  burns  with  a  bluish  flame,  producing  wftt«r  ami  clouds  of 
arsenic  trioxide  ;  ItAall,  +  30,  -+  311^0  +  Ah,0,.  The  cotubustion  of 
hydrogen  containing  arsine  produc-ea  the  same  hiiIihUiiicch.  Since 
arsine,  when  heated,  is  readily  disaofiut^d  into  itn  coiiMtitui'iil.s 
{ef.  p.  252),  the  vapor  of  free  arsenic  in  present  iti  the  interior  of  the 
hydrogen  flame.  This  arsenic  may  be  vondeiised  in  tht^  form  of  a 
metallic-looking,  brownish  stain  by  iiiUirpoaition  of  11  v.nU  vt-sm-]  nf  white 
porcelain.  Even  when  only  a  trace  of  the  cuiii[i(mnil  nf  arNciiic  has 
been  added  to  the  materials  in  the  generator,  the  stain  which  iii  pro- 
duced is  very  conspicuous.  Thi«  behavior  tlius  furnishes  uh  with  iiti 
exceedingly  delicate  test — -  Marsh's  test  —  for  the  prcHciu'e  of  arNi'iiii; 
in  any  soluble  form  of  combination.  The  compounds  of  antimony 
alone  show  a  similar  phenomenon  (see  Htibine).  In  carrying  out  llut 
test,  a  tube  of  hard  glass  is  attached  to  the  generator,  and  is  heated,  liy 
means  of  a  Buusen  flame,  at  a  point  near  to  th<-  tinxk.  With  lliis 
arrangement  the  arsenic  is  de[>ositvd  in  the  form  of  a  dark,  Imttroas 
ring  just  beyond  the  heated  part.  Zinc  of  special  purity  mnitt 
employed  for  generating  the  hydrogen,  as  all  c«ramon  ii>eeiiii«Jir 
the  metal  contain  a  sufficient  amount  of  amcaic  to  give  tlui  mtt 
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film  -without  any  special  addition  of  an  arsenic  compound,  and  a  bknJt 
experiment  must  be  mn,  with  other  portions  of  the  saiuc  reagents,  to 
guard  against  the  possibility  of  its  uoming  from  any  of  them. 

A-Tsine  is  exceedingly  poisonous,  the  breathing  of  small  amounte 
producing  fatal  effects.  It  differs  from  ammonia  more  markedly  than 
does  pbosphine,  for  it  is  not  only  without  action  on  acids,  but  does  out 
unite  directly  even  with  the  halides  of  hydrogen. 

Halidea  of  Arsenic.  —  The  representatives  of  this  class  include  a 

liquid  trifluoride  AsFj,  a  peiitafluoride,  which  is  obtained  only  as 
a  double  compound  with  potavssium  fluoride,  a  liquid  trichloride  AsCIb 
a  solid  tribromide  AsBr,,  and  a  solid  tri-iodide  Aslg. 

The  trlcbloHde,  wlijch  is  prepared  by  passing  chlorine  g;i3  ititgHH 
vessel  containing  arsenic,  is  easily  formed  aa  the  result  of  a  vigord^^ 
action.  It  is  a  colorless  liquid,  boiling  at  130°.  When  mixed  with 
water  it  is  at  once  converted  into  tlie  white,  almost  insoluble  trioxide. 
The  action  is  presumably  similar  to  that  of  water  upon  the  correspond- 
iug  compound  of  phosphorus  (p.  181),  but  the  arsenious  add  for  the 
most  part  loses  water  and  forms  the  insoluble  anhydride : 


AsCl,  +  3H,0  ^  A8(0H),  +  3HC1, 
2Aa(0H),;:i  As,0,J.+  3H,0. 
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This  action,  however,  differs  markedly  from  the  other  in  that  it  ij 
reversible,  and  ai'seuic  trioxide  interacts  with  aqueous  hydrochloric 
acid,  giving  a  solution  of  arsenious  chloride.  When  this  solation  is 
boiled,  the  volatility  of  the  arsenious  chloride  causes  it  to  be  carried 
over  with  the  hydrochloric  acid  (b.-p.  110",  cf.  p.  182),  and  this  method 
of  separating  arsenic  from  other  substances  is  used  in  chemical 
analysis. 

Oxldea  of  Arsenic:  —  Two  oxides  are  known  —  the  trioxide 
ASjU,  and  the  pentoxide  ASjOj.  Arsenic  trioxide  is  produced  by 
burning  arsenic  in  the  air  and  during  the  roasting  of  arsenical  ores 
(p.  708),  and  is  known  as  "  white  arsenic"  or  simply  "arsenic"  It  is 
purified  for  commercial  purposes  by  subliming  the  flue-dust  in  cylin- 
drical pots.  The  pure  trioxide  is  deposited  iu  the  glassy  form  in 
the  upper  part  of  the  vessel.  It  passes  slowly  from  this  amorphons 
condition  into  the  common  crystalline  variety.  Its  vopor  density  in- 
dicates that  it  possesses  the  molecular  weight  As«0^  but  the  simpler 
formula  expresses  its  chemical  properties  sufficiently  well. 
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When  treated  with  water,  the  trioxide  dissolves  to  a  very  alight 
es-teut  (0.3  :  100),  formiug  arsenioua  acid,  by  reversal  of  the  second  of 
the  equations  giveu  above.  As  usual,  the  leas  stable,  amorphous  variety 
ia  the  more  soluble  (1  :  100).  In  boiling  water  the  solubility  is  eventu- 
ally much  greater  (11.5  :  100),  but  a  condition  of  equilibrium  is  reached 
very  slowly.  With  coneeutrated  sulphuric  acid  the  trioxide  forms  a  sul- 
phate of  rather  complex  composition,  indicating  that  it  has  basic  proper- 
ties, but  this  sulphate  is  decomposed  into  the  oxide  and  sulphuric  acid 
when  treated  with  water.  Wlien  heated  in  a  tube  with  r-arbon,  this  ox- 
ide is  reduced,  and  the  free  element,  being  volatile,  is  deposited  upon 
the  cold  part  of  the  tube  just  above  the  flame.  It  is  an  active  poison, 
since  it  gradually  passes  into  solution,  forming  arseuious  acid. 

The  pentoxide  is  a  white  crystalline  substance,  formed  by  heating 
arsenic  acid : 

2H,AsOj  -)>  As^Oj  -I-  3H,0. 

When  raised  to  a  higher  temperature,  it  loses  a  part  of  its  oxygen, 
leaving  the  trioxide.  In  consequence  of  this  instability,  it  cannot  be 
formed  by  direct  uuiou  of  oxygen  with  the  trioxide,  after  the  manner 
of  phosphorus  pentoxide. 

Acids  of  Araenic,  —  When  elementary  arsenic  or  arseuious  ox- 
ide is  treated  with  concentrated  nitric  acid,  or  with  chlorine  and 
water,  artenio  aoid  is  produced.  The  substance,  which  is  a  deliques- 
cent white  solid,  possesses  a  composition  similar  to  that  of  orthophos- 
phoric  acid,  and  when  heated  loses  water  in  progressive  stages,  fur- 
nishing intermediate  acids — pyroarsenic  acid  and  metarsenic  acid  — 
and  finally  the  pentoxide.  The  relationship  of  the  substances 
{ef.  p.  466)  is  shoMm  by  the  formulse  :  H^AsO,  — » II^AsjO,  — »  HAsO, 
— >  ASjO(.  These  acids,  however,  differ  from  the  con-esponding  com- 
pounds of  phosphorus  in  that  upon  solution  in  water  they  immedinteli/ 
pass  back  into  the  ortho-acid.  The  final  elimination  of  all  the  water 
by  simple  heating  is  also  impossible  with  metaphosphoric  acid.  Many 
salts  of  these  acids  are  known,  those  of  orthoai-senic  acid  being  iso- 
morphous  with  the  corresponding  salts  of  phosphoric  acid.  The  red- 
dish-brown silver  orthoarsenate  and  the  white  MgNH^AsO^  resemble 
the  corresponding  phosphates  in  being  insoluble  in  water. 

Araenioaa  add,  like  sulphurous  and  carbonic  acids,  loses  water, 
and  yields  the  anhydride,  arsenic  trioxide,  when  the  attempt  is  made 
to  obtain  it  from  the  aqueous  solution.     The  potassium  and  sodium 
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araenites,  K,AsO,  and  I^a^AsO^,  are  made  by  treating  arsenie  trioxide 
witli  caustic  alkalies,  and  are  much  li}'droly7*d  l>y  water.  The  aiseo- 
ites  of  the  lieavy  metals  are  insoluble,  aud  caa  lie  made  by  precipita- 
tion. Faria  green  and  Scheele'a  green  (p.  624)  are  arsenites  of 
copper.  The  poisonous  effects  of  wall-paper  colored  with  these  com- 
pounda  seem  to  be  due  to  volatile  organic  derivativeB  of  arsine  which 
are  formed  by  the  action  of  a  mold.  In  cases  of  poiaoning  by  white 
arsenic,  freshly  precipitated  ferric  hydroxide  or  magnesium  hydroxide 
is  administered,  since  by  infaeraetion  with  the  arsenious  acid  they  form 
insoluble  arsenites.  The  salts  of  arsenious  acid  are  readily  oxidized, 
passing  into  arsenates.  The  action  of  a  standard  solution  of  iodine 
upon  sodium  arsenite,  for  example,  is  used  in  volumetric  analysis  : 

Na^AsO,  +  H,0  +  l,i±  Na,AsO,  +  2HI. 

SulphitieH  of  Arsetiic.  —  Three  sulphides  of  ^senic  aie  known, 

As,S^,  As^S,,  ASjS^.  The  tirst,  arsenic  pentaaulphide,  is  obtained  a&  a 
yellow  powder  by  decomposition  of  the  sulpharsenates  (see  below),  and 
by  leading  hydrogen  sulphide  into  a  solution  of  arsenic  acid  in  concen- 
trated hydrochloric  acid<  The  latter  action  seems  to  show  that  the 
ion  As'"",  doiived  from  AsClj,  is  present  in  the  solution. 

Arseaioua  sulphide  AsjS,  occm'S  in  nature  as  oi-piment,  and  was 
formerly  used  as  a  yellow  pigment  (nt>rtplffmentnm).  The  word 
arsenic  is  derived  from  the  Greek  name  for  this  mineral  (d^xrtmtw). 
It  is  obtained  as  a  citron-yellow  precipitate  when  hydrogen  sulphide 
is  led  into  an  aijueous  solution  of  arsenious  chloride.  The  slowness 
with  which  the  precipitate  appears  is  due  to  the  temporary  formation 
of  a  colloidal  solution  of  the  sulphide.  When  arsenious  acid  solutioo 
is  employed,  the  precipitatiou  may  l>e  delayed  for  days.  A  beam  of 
light  falling  upon  the  solrition  is  dispersed,  aiid  the  liquid  is  thus  shown 
tol*  filled  with  minute  particles,  which  ultimately  collect  in  flocculent 
form. 

Realgar  As^S,  is  a  natural  sulphide  of  orange-red  color,  and  is  also 
manufactured  by  8ubliu>ing  a  mixture  of  arsenical  pyrites  and  pyrite : 

2FeA8S  +  2Fe&,  ->  4Fe8  +  As,8,r. 

It  burns  in  oxygen,  forming  arsenious  oxide  and  sulphur  dioxide,  and 
is  mixed  with  potassium  nitrate  and  sulphur  to  make  "  Bengal  lights." 

SulpharHenites  and  Sulphar»ena44:»,  — ^The  sulphides  of  a^ 
seoio  interact  with  solutions  of  alkali  sulphides  after  the  manner  of 
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the  snlphidea  of  tin  (p.  G97),  ^viiig  soluble,  complex  sulphides.  Arsen- 
ious  sulpliide  with  colorless  ammoniuiu  sulphide  gives  ammonium  sul* 
pharsenite,  and  with  the  yellow  sulphide  gives  ammonium  sulphar- 

3(NH,),S  +  AsjS,  -»  2(NH«),AsS„ 
3(NH^),S  +  As,8,  +  2S  -►  2(NH,),A8S^. 

Proustite  (p.  626)  is  a  natural  sulpharsenite  of  silver. 

There  are  also  metasulpharsenites  and  pyro-  and  metasulphar- 
senates  of  the  forms  KAsSj,  K^As^S,,  and  KAaS,.  In  faet,  there  are 
aulpbcMjoinpounda  corresponding  to  all  the  forms  of  the  oxygen  acids. 
The  particular  products  present  in  any  solution  depend  on  the  concen- 
trations used  in  making  it.  The  formation  of  these  soluble  compounds 
is  used  in  analysis  {ef.  p.  6G1). 

Since  these  salts  in  solution  furnish  the  ions  AsS/"  and  AsS/", 
which  with  hydrogen  iona  give  a  feebly  ionized  sulpbo-acid,  they  are 
decomposed  by  acids,  and  give  free  aulpharsenious  or  sulpbarsenic 
acid : 

(NH,),A8S,  +  3HC1  -» HjAsS,  +  3NH,CI, 
(NH,)^88,  +  3HC1  -»  H,AsS«  +  SNHjCl. 

These  snlpho-acids,  however,  are  unstable,  and  at  once  break  up,  giving 
hydrogen  sulphide  as  a  gas,  and  the  sulphides  of  arsenic  aa  yellow 
precipitates : 

2H.A8S,  -*  3HjS  -f-  As,S„ 

2H,AbS^  ->  3HjS  +  A^S,. 
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The  Chemical  Retatlonfi  of  the  ^lenient.  —  Antimony  resembles 
arsenic  in  forming  a  hydride  SbH,  and  halides  of  the  forms  SbX,  and 
SbXj.  The  latter  are  partially  hydrolyzed  by  water  with  ease,  hut 
complete  hydrolysis  is  difficult  to  accomplish  with  cold  water.  The 
oxide  SbjO,  is  basic  as  well  as  feebly  acidic,  and  the  oxide  Sb^O^  is 
acidic.  Aside  from  the  salts  derived  from  the  oxide  Sb,0„  such  aa 
Sb,(SO,)„  the  compositions  of  the  compounds  are  similar  to  those  of 
the  compounds  of  arsenic.  The  element  gives  complex  sulphides  like 
those  of  arsenic. 

Occurrence  arid  Preparation.  —  Antimony  is  found  free  in 
nature  to  a  small  extent.     The  chief  supply,  however,  is    furnished 
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by  the  black  trisulpbide  Sb,S„  known  as  stibnite.,  which  is  found  a 
Hungary  and  Japan,  and  forms  shining,  prismatic  crystals  of  tlu 
tliombic  system. 

Nativi?  stibnite  is  roasted  in  the  air  in  order  to  remove  the  sulphur, 
and  the  white  us.ide  which  remains  is  mixed  with  carbon  and  reduced 
by  strong  heat: 

sbjS,  +  50,  ->  shjO,  +  sm„ 

Sh,0,  +  4C  -.  2Sb  +  4C0. 

Fropertlea,  —  Antimony  is  a  white,  ci-yatalline  metal.  It  is  brit- 
tle, and  eiisily  powderod.  Its  vapor  ut  lt)40'  hiis  a  density  eori-esjioiid- 
iug  to  the  fonuula  Sbj,,  while  at  lower  temperatures  Sb4  is  present. 
It  is  used  in  making  alloys  such  as  tj'pe-metal,  stereotype-metal,  and 
liritaiiuia  metal  (?.".).  The  alloys  of  antimony  expand  during  9ohdifi- 
cation,  and  therefore  give  exceptionally  sharp  castings. 

The  element  unites  directly  with  the  halogens.  It  does  not  rust, 
init  when  heated  it  burns  iu  th(r  air,  forming  the  trioxide  ShjO,  or  a 
higlier  oxide  SbjO,.  When  heated  with  nitric  acid,  it  yields  the  tri- 
oxide or  antiniouio  acid  (H,ShOj),  accordijig  to  the  concentration  of 
the  nitrie  arid  and  the  temperature  employed,  When  hKitetJ  wuh 
eouce titrated  sulphuric  aeid,  it  forms  the  sulphate  Sb,(SO,),. 

Stibhie.  —  The  antimonide  of  hydrogen  ShH,  is  formed  by  thi 
action  of  zinc  and  hydi'ochloiic  acid  on  a  soluble  compound  of  anti- 
mony.  By  the  action  of  dilute,  cold  hydi'ochloric  acid  on  an  alloy  of 
antimony  and  magnesium  (1 ;  1),  a  mixture  of  hydrogen  and  stibine 
containing  as  much  as  11.5  per  cent  (by  volume)  of  the  latter  may  be 
made.  It  is  separated  by  cooling  with  liquid  air,  and  gives  a  liquid 
boiling  at— 18°  and  freezing  at. —91.6°.  It  is  more  easily  dis- 
sociated than  arsine,  and  forms  a  deposit  of  anlimoju'  when  a  porce- 
lain vessel  is  held  iu  the  flame  or  when  the  gas  passes  through  :i 
heated  tulie,  The  behavior  under  this  treatment  is  in  all  respei'tit 
sirailar  to  that  of  araine  (p.  709). 

The  layers  of  arsenic  or  antimony  obtained  upon  white  porcelain 
in  Marsh's  test  (p,  709)  may  lie  distinguislied  readily  in  several  ways. 
The  arsenic  spots  are  lirownish  iu  color,  lustrous,  and  volatile.  The 
antimony  spots  are  hlaek,  smokydo<jking,  and  involatile  at  the  tempera- 
ture of  the  Hun.sen  flame.  The  arsenic  spots  dissolve  in  dilute  nitric 
acid,  while  those  of  antimony  do  not.  The  arsenic  spots  dissolve  iu  a 
fresh  solution  of  bleaching  powder,  producing  calcium  chloride  and 
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arsenic  add,  while  tibose  of  antimony  are  unaffected.  The  arseiiiu 
spots  are  scarcely  attacked  by  a  solution  of  yellow  aninioniuin  sulphide, 
while  those  of  antimony  dissolve  readily,  forming  an  ammoniimi  sul- 
phantimoniate.  Another  distinction  between  arsine  and  stibine  is  found 
in  their  action  upon  a  solution  of  nitrate  of  silver.  Stibine  precipi- 
tates a  silver  antimonide  Ag,Sb,  and  none  of  the  antimony  remains  in 
the  solution.  Arsine,  on  the  contrary,  precipitates  metallic  silver, 
while  arsenious  acid  remains  in  the  solution. 

Antimony  Halides.  —  The  halogen  compounds  of  antimony  which 
are  known  include  the  trichloride,  a  solid  melting  at  73° ;  the  peiito- 
chloride,  a  liquid ;  the  tribromide,  tri-iodide,  trifiuoride,  and  peutafluo- 
ride. 

Antimony  trioblorlde  SbCl,  is  the  most  familiar  of  these  sulistiinces. 
It  forms  large,  soft  crystals,  and  used  to  1h!  named  "  butter  of  anti- 
mony." When  treated  with  water,  it  forms  a  white,  opaque,  insoluble 
basic  salt.  When  little  water  is  used,  tlie  product  is  antimony  oxy- 
chloride : 

SbCl,  -I-  H,0  ?z»  SbOCl  1  -I-  2HC1. 

With  a  large  amoimt  of  water,  a  greater  proportion  of  the  chlorine  is 
removed,  and  Sb40,Cl,  ( =  2SbOCl,Sb^O,)  remains.  With  boiling  water 
the  oxide  is  finally  formed.  The  action  is  not  complete  as  long  as 
hydrochloric  acid  is  present.  It  may  therefore  be  reversed,  so  that  on 
addition  of  hydrochloric  acid  to  the  mixture,  a  clear  solution  of  tlie  tri- 
chloride is  re-formed.  If  the  concentration  of  the  acid  is  once  more 
reduced  by  dilution  with  water,  the  oxychloride  is  again  precipitated. 

The  p«ntacUorlde  is  formed  by  leading  chlorine  over  the  trichloride. 
It  is  a  liquid  (b.-p.  140°)  which  fumes  strongly  in  the  air,  being  hydro- 
lyzed  by  the  moisture. 

OxideH  of  Antimony.  — Three  oxides  are  known:  antimony  tri- 
oxide  SlijO,,  antimony  i>entoxidc  Sl>/)„  and  an  intermodiate  oxid« 
Sh,C\.  The  triozide  is  obtained  by  oxidizing  antimony  with  nitric  acid, 
or  by  combustion  of  antimony  with  a  limited  supply  of  oxygen.  It 
is  a  white  substance,  insoluble  in  water.  It  is  in  the  main  a  batsic 
oxide,  interacting  with  many  acids  to  form  salts  of  antimony.  Tlie 
pentozlde  is  a  yellow,  amorphous  substituce,  obtained  by  heating  anti- 
monic  acid.  It  combines  with  bases  to  form  salts,  and  is  therefore  v 
acid-forming  oxide  exclusively.    The  intermediate  couix>und  Sb^O| 
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formed  by  beating  antimony  or  the  trioxide  in  oxygen.     It  is  the  i 
stable  of  the  three  oxides.     It  is  neither  acid-  nor  baae-forming,  j 
may  he  antinioniate  of  antimony  (SbShOj). 

The  hydrated  trioxide  Sh{OH),  may  be  obtained  as  a.  white  pre- 
cipitate by  adding  dihite  sulphuric  acid  to  tartar-emetic  (see  below). 
It  is  insoluble,  and  easily  loses  water,  giving  the  trioxide. 

The  trioxide  interacts  with  potassium  and  sodium  hydroxides, 
forming  soluble  antlmonites,  but  the  latter  are  much  hydrolyzed  by 
water,  and  cannot  be  isolated  in  solid  form, 


Salt*  6f  Antinmny, — ^  The  nitrate   Sb(NO,),   and    the    sulphat* 

Sl»j(S(),)a  are  nuwle  liy  the  interaction  of  the  trioxide  with  iiitrii.^  and 
.sulphuric  acids.  They  are  hydrolyzed  by  water,  giving  Imsic  salto, 
such  as  (SbO)jSO,  (  =  SbjOjSOj),  which,  like  SbOCl,  are  derived  from 
the  hydroxide  8bO(OH).  When  the  trioxide  is  heated  with  a  solution 
of  potassium  bitarti'ate  KHC,H,C),,  a  basic  salt  K(SbO)C,H40,,  known 
as  tartar-«metic,  is  formed.  This  is  a  white,  crystalline  substance 
which  is  soluble  in  water  and  is  used  in  medicine.  The  univjUent 
group  SbO'  is  known  as  antimonyl,  and  the  above  mentioned  basic 
compounds  are  often  called  antirnonyl  sulphate,  etc. 


AnHmmiic  Acid.  —  By  vigorous  oxidation  of  antimony  with  nitric 

acid,  or  by  decomposing  the  jjenta^jhloride  completely  with  wat«r,  a 
white,  insoluble  substance  of  the  approximate  compoeition  H,SbO,  is 
obtained.  This  substance  interacts  with  caustic  potash  and  passes  into 
solution.  But  the  salts  which  have  been  made  are  pyro-  and  met- 
antimoniates.  Thus,  when  antimony  is  fused  with  niter,  potaaainxn 
metantimoniate  KSbO,  is  formed.  When  dissolved,  this  salt  takes  up 
water,  and  forms  a  solution  of  the  acid  pyroantinioniate  : 

2KSbO,  +  H,0  ->  K,H,Sb,0,. 

If  this  is  added  to  a  strong  solution  of  a  salt  of  sodium,  a  sodlom 
pyrotuitlinoniBte  is  thrown  down,  Na,H,Sh,Of.  The  same  insoluble 
body,  almost  the  only  salt  of  sodium  which  deserves  this  name,  is 
formed  also  by  direct  action  of  sodium  hydroxide  upon  antimonic 
acid. 

SutpMdeg  of  Antimontf.  —There  are  two  sulphides,  the  trisul- 
phide  SbjS,  and  the  pentasulphide  SbjS,.  The  trUnlpMde  is  fouhil  in 
nature  as  the  black,  crystalline  stibnite.     By  the  action  of  hydrogen 
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sulphide  upon  solutions  of  salts  of  antimony,  tlie  trisulphide  is  precipi- 
tated as  an  orange-red  powder,  which,  however,  after  having  been 
melted,  assumes  the  appearance  of  stibnite : 

2SbCl,  +  3H,S  ^  SbjS.  1+  6HC1. 

The  antimony  trisulphide  is  decomposed,  and  the  above  action  is  re- 
versed, by  concentrated  hydrochlyric  acid.  Like  cadmium  sulphide, 
this  substance  in  formed  only  when  the  acid  present  is  dilute. 

The  pentaaulpblde  is  obtained  by  the  decomposition  of  snlphanti- 
moniate9(aee  below).  In  appertrance  it  reseutbles  the  trisulphide  and, 
when  heated,  it  decomposes  very  readily  into  this  substance  and  free 
sulphur.     It  is  used  for  vulcanizing  rubber. 

SalphaHtimnnlieJi  and  Sttlphantimoniates,  —  The  behavior  of 
the  sulphides  of  antimony  towjirds  solutions  of  the  alkali  siilithides  ia 
very  similar  to  that  of  the  sulphidas  of  arsenic  (p.  712),  The  tri- 
sulphide dissolves  in  colorless  ammonium  sulphide  with  difficulty, 
forming  an  unstable  ammonium  sulpbautimoiiitc  : 

8b,S,  +  3{NH,),S  ^  2(NHj,Sb.S,. 

With  the  pentasulphide  or  with  yellow  ammonium  sulphide  the  action 
takes  place  more  readily  and  ammonium  sulpbantimoniate  is  formed: 

8bA-f-3(NH,},S-.2(NIl,),Sl.S„ 
SbjS,  +  3(NH,),S  +  2S-.2(NH,),SbS^. 

The  most  familiar  substanee  of  this  class  iw  Si'lilipjie's  salt  NEi,SbS„ 
9HjO.     Pyrargj'rite  AgjSbS,  (p.  (f2(t)  is  a  native  sulphautimonitite. 

When  acids  are  abided  to  solutions  of  sulphaiitimoniates,  the  sul- 
phanttmonie  acid  which  is  liberated  decomposes,  anci  asitimony  penta- 
sulphide is  thrown  down  (see  under  Arsenic,  p.  TliJ). 


Bismuth. 

The  Cheniieal  Relutions  of  the  liletnent.—  IMsmnth  forms  no 
compound  with  hydrogen.  Its  compounds  with  the  halogens  are  of 
the  form  BiX,  and  are  hy<irolyzod  by  water  giving  basic  salts.  The 
oxide  BijOg  is  basic,  and,  although  an  oxide  tii^O^  is  known,  it  is  not 
acidic.  Bisnmth  gives  a  carbonate,  nitrate,  sulphate,  phosphate,  and 
other  salts,  in  all  of  which  it  acts  as  a  trivalent  element.  It  forms  no 
soluble  complex  sulphides. 
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Occurrence  and  Phyaienl  Properties.  — TW\^  element  is  found 
free  in  nature,  and  also  to  some  extent  as  trioxide  Bi,0,  and  triaol- 
phide  BijSa.  It  is  a  sbining,  brittle  metal  with  a  reddish  tinget  It 
melts  at  aliout  270°.  When  converted  into  vapor,  its  density  at  1600- 
1700°  is  somewliat  less  than  that  corresponding  to  the  formula  Bi, 

Mixtures  of  bismuth  with  other  metals  of  low  melting-point  fuse 
at  lower  temperatures  than  do  the  separate  metals.  This  is  another 
Illustration  of  tlie  fact  that  a  solution  melts  at  a  lower  temperature  than 
the  pure  solvent  (p.  632).  Thus,  Wood's  metal,  containing  bismuth 
(m.-p.  270°)  4  parts,  lead  (m.-p.  326=)  2  parts,  tin  (m.-p.  233°)  1  part. 
and  cadmium  (m.-p.  320°)  1  part,  melts  at  60.5°,  considerably  below  the 
Iwiling-poiiit  of  water.  Similar  alloys  are  used  for  safety  plugs  in 
steam-boilers,  and,  in  the  chemical  laboratory,  for  iilHng  baths  in  which 
a  uniform  temperatm'c  higher  than  100°  is  to  be  maintained. 

Chemical  Propertien,  —  Bismuth  does  not  tarnish,  but  when 
heated  strongly  in  the  air  it  burns  to  form  the  trioxide.  With  the 
halogens  it  forms  a  fluoride,  a  bromide,  iind  an  iodide,  in  all  of  which  the 
element  is  trivalent.  When  the  metal  is  treated  with  oxygen  acids,  or 
the  trioxide  with  any  acids,  salts  are  produced. 

Oxides.  —  In  addition  to  the  basic  trioxide,  which  is  a  yellow 
powder  obtained  by  direct  oxidation  of  the  metal  or  by  ignitioiuof  the 
nitrate,  thi'ce  other  oxides  are  known  ^—  BiO,  BijO«,  and  BijOj,  None  of 
these,  however,  is  acid-forming,  or  gives  corresponding  salts  when 
treated  with  acids. 

SaUa  of  Bi»muth. —  The  salts  of  bismuth,  when  dissolved  in 
water,  aie  decomposed  in  a  manner  which  recalls  the  behavior  of  the 
comjwunds  of  antimony.  The  products  are  insoluble  Ixtsic  salts,  and 
the  aiitiona  are  reversible,  the  l>asic  salts  being  redissolved  by  addition 
of  an  excess  of  the  acid.  In  the  case  of  the  chloride  BiC^l,,  H,0  and  the 
nitrate  Bi(N0,)„5H,0,  the  actions  taking  place  are  ; 

BiCl,  +  2HjO  ?=•  Bi(0H)3Cl  +  2HC1, 
Bi(NO,),  +  2H,0  ->  Bi{OH),NO,  -|-  2HN(),. 

The  former  of  these  products,  when  dried,  loses  a  molecule  of  water, 
giving  the  oxrchloride  BiOCl.  The  oxynitiate  of  bismuth  is  much 
used  in  medicine  under  the  name  of  "snbhitrate  of  bismuth." 
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It  will  1)6  seen  that,  although  bismuth  forma  a  colorless  inn  Bi*", 
and  is  in  this  respeot  a  metal  in  the  chemical  sense  of  the  term,  yet, 
like  many  other  metals,  it  is  related  to  the  non-metals  inasmuch  as  its 
salts  ai-e  at  least  partially  hydrolyzecl  by  water. 

Bismuth  forms  a  ttisulplilde  BLjS,,  whieh  may  he  obtained  by 
direct  union  of  the  elements,  or  by  the  action  of  hydrogen  snlphide 
n})on  solutions  of  bismuth  salts  : 

2BiCl,  +  3H3S  iT*  Bi,S,i  +  GHCl. 

It  is  a  brownish-black,  insoluble  suljstanee,  but  on  addition  of  much 
acid  the  above  action  is  reversed.  This  sulphide  is  not  affected  by 
solutions  of  ammonium  sulphide  or  of  pota-ssium  sulphide.  It  differs, 
therefore,  markedly  from  the  sulphides  of  arsenic  and  antimony  in  its 
behavior. 

The  Family  as  a  Whole. 

When  we  compare  the  elements  of  this  group,  taking  nitrogen  as 
the  first  of  the  family  in  spite  of  the  fact  that  it  is  somewhat  less 
closely  related  to  the  other  members  than  they  are  to  one  another,  we 
find  an  admirable  illustration  of  the  general  principles  which  the 
periodic  system  presents. 

The  elements  theiuselves  change  progressively  in  physical  proper- 
ties as  the  atomic  weight  increases.  Nitrogen  is  a  gas  which  with 
sufficient  cooling  yields  a  white  solid,  phosphorus  an  almost  white,  or 
a  red  solid,  and  arsenic,  antimony,  and  bismuth  are  metallic  in 
appearance.  The  first  combiue.s  directly  with  hydrogen,  tfie  next. 
three  give  hydrides  indirectly,  and  the  last  does  not  unite  with 
hydrogen  at  all.  The  hyilride  of  nitrogen  combines  with  water 
to  form  a  base,  while  the  other  hydrides  show  no  such  tendency. 
Aniiiioida  uiiit«s  with  all  acids,  includinfj  those  of  the  halogens,  to 
form  salts;  phuspliiiie  with  the  hydrogen  halidcs  only;  Llie  others  do 
not  condrine  with  acids  at  all.  As  regards  their  metallic  pro}ierties, 
in  the  cliendcal  sense,  nitrogen  and  phosphorus  do  not  by  themselves 
form  positive  iona,  and  furnish  us  therefore  with  no  salts  whatever. 
Arsenic  gives  a  trivaleut  positive  ion,  which  is  found  ui  solutions  of 
the  halides  only.  It  forms  no  normal  sulphates,  nitrates,  or  other 
salts.  Antimony  and  bismuth  both  give  trivalent  positive  ions.  The 
sulphates,  nitrates,  etc.,  of  antimony,  however,  are  readily  decomposed 
'>y  water  with  pi-ecipitation  of  the  hydroxide,     Tlie  salts  of  bisjuuth, 
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on  the  other  hand,  do  not  readily  give  the  pure  hydroxide  with  water, 
although  they  are  easily  hydrolyzed  to  basiti  salts. 

The  halogen  compoiinds  of  nitrogen  and  phoaphoms  are  completely 
hydrolyzed  by  water,  and  do  not  exist  when  any  water  is  present,  even 
when  excess  of  the  halogen  jii'id  is  used.  The  halogen  conipountls  of 
arsenic  are  completely  hydrolyzed  by  eold  water,  but  exist  in  sohitioc 
in  present!©  of  exSeaa  of  the  aeids.  The  halogen  compounds  of  anti- 
mony and  bisraiitli  are  incompletely  hydrolyzed  by  cold  wat«r. 

Nitrogen  forms  live  different  oxides,  a  larger  number  than  tlwt 
funiiahed  by  any  of  the  other  elements  of  this  group.  The  oxides 
ujmn  which  we  naturally  fix  our  attention  are  the  trioxide  and  j»nt- 
oxidc  in  each  ciise.  With  nitrogen  these  are  acid-fonning,  being  the 
anhydrides  of  nitric  and  nitrous  acids.  With  phosphorus  the  trioxide 
and  the  jwntoxide  are  anhydrides  of  acids.  With  arsenic  the  trioxide 
is  basic  towards  the  halogen  acids,  and  is  the  fii*st  example  of  a  basie 
oxide  which  we  encounter  in  this  group.  The  pentoxide,  however,  is 
aeid-forming.  The  trioxide  of  antimony  is  mainly  base-forming, 
although  it  is  feebly  acid-forming  also.  The  pentoxide  is  acid-forming. 
The  ti'ioxide  of  bismuth  is  base-fumiing  exclusively,  and  the  pentoxide 
has  no  derivatives. 

If  the  chemical  actions  which  these  elements  and  their  compounds 
undergo  were  examined  more  cloaely,  this  progressive  change  in  the 
properties  with  change  in  atomic  weight  could  be  developed  much 
further.  We  have  said  sufficient,  however,  to  show  that  when  the 
periodic  law  is  borne  in  mind  it  furnishes  valuable  aid  in  systematizing 
the  chemistry  of  a  group  like  this. 

Autilytieai  lieaetion«  of  Arnen Ic,  Anttmonifr  ntul  Mi»m nth,  — 
The  ions  which  are  most  frequently  encountered  are  As*",  8b*"',  Bi"*, 
AsO,'".  and  AsO,'''.  The  first  three,  with  hydrogen  s\ilphide,  give 
colored  aidphities  which  are  not  affected  by  dilute  acids.  The  sul- 
phides of  ai'senie  and  antimony  are  separable  from  the  sulphide  of 
bismuth  by  solution  in  yellow  ammoiiiuju  sulphide.  The  ion  of  the 
arsenates  AsO/"  is  identified  l»y  its  interaction  with  salts  of  silver  and 
the  formation  of  MgNHjAsO,,  while  that  of  the  arsenites  AsO,'"  is  recv 
ognized  by  its  reducing  power.  By  means  of  Marsh's  test  and  the  facts 
describett  under  it  fp.  714),  the  presence  of  traces  of  compounds  of 
arsenic  and  autimony  may  be  recognized  and  the  elements  may  be 
distinguished.  Oxygen  compounds  of  arsenic,  when  heated  with  car- 
bon, give  a  volatile,  metallic-looking  deposit  of  ai-senic. 
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VANAOnrM,  CoLDMBtUM,  Tajttaluii. 

Of  these  elements,  vanadlnm  is  less  uncoramon  than  the  others.  It 
is  found  in  rather  complex  conii>ounds.  When  these  are  heated  with 
soda  and  awliuni  nitrate,  Bodlum  Tanadate  is  formed,  and  can  be  ex- 
tracted with  water.  .  Solid  ammoniuia  chloride  is  added  to  the  solution, 
and  aiumonium  m  eta  vanadate  NH^V< ),,  which  is  leas  solnble  in  solu- 
tions of  salts  of  ammonium  (ef,  p.  584)  than  in  water,  appears  in  the 
form  of  yellow  crystals.  When  this  salt  is  heated,  Tonadlc  anhjrdrlda 
VjO„  a  yellowish-red  jwwder,  remains.  This  oxide  interacts  with  bases 
giving  vanadates,  of  whinh  the  moat  stalde  are  the  metavanadates. 
The  element  forraa  several  chioridee,  sncli  as  VClj,  VC1„  VCl^,  VOCl,, 
and  five  ozidu,  V,0,  VO,  V,0,.  V0„  and  V,0,.  The  element  has  very 
feeble  base-forming  projierties,  and  gives  only  a  few  unstable  salts. 

Colambium  (or  uiohium)  and  tantalum  lilbewise  possess  feebly  base- 
forming  properties,  their  chief  compounds  being  the  columbates  and 
tautalat«s. 

Exerdaefi.  —  1.  How  do  you  account  for  the  fact  that  the  molec- 
ular weight  of  arsenic  at  644°  is  not  exactly  300,  and  why  is  308.4 
•+  4  not  accepted  as  the  atomic  weight?  Could  the  atomic  weight 
be  found  from  the  determination  of  the  vapor  density  of  the  free  ele- 
ment alone? 

2.  What  should  you  expect  to  be  the  interaction  of  arsiue  with 
concentrated  nitric  acid  ? 

3.  Formulate  the  aeries  of  changes  involved  in  the  solution  of 
arsenic  trios  ide  and  the  interaction  of  hydrochloric  acid  with  the 
arsenious  a(;id  so  formed  (ef.  \t.  371). 

4.  What  is  the  full  significance  of  the  fact  that  arsenic  penta- 
sulphide  may  i>e  preei]>itated  by  hydrogen  sulphide  from  a  solution  of 
arsenic  acid  iii  hydrochloric  acid  ? 

5.  To  what  classes  of  chemical  changes  do  the  interactions  of 
arsenious  sulphide  and  antimony  trisulphide  with  yellow  ammonium 
sulphide  belong? 

6.  Construct  equations  showing  the  interaction  of  (a)  concentrated 
sulphuric  acid  and  antimony,  (//)  arsenic  and  bleAching-powder  solu- 
tion, {e)  antimony  and  yellow  ammonium  sulphide,  (if)  silver  nitrate 
and  stibine,  (f)  silver  nitrate  and  arsine,  (/')  concentrated  nitric  acid 
and  antimony,  {ij)  acids  and  ammonium  orthosnlphautimoniate. 

7.  How  should  you  set  about  making  Schlippe's  salt  ? 


CHAPTER  XLII 

THE  CHROMHTM  rAMn.Y.     RADIUM 

The  chromium  (Cr,  at.  wt.  62.1)  family  includes  molybdenum  (Mo, 
at.  wt.  96),  tungsten  (VV,  at.  wt.  184),  and  uranium  (XT,  at.  wt.  238.5), 
and  occupies  the  seventh  column  of  the  periodic  table  along  with  the 
sulphur  and  selenium  family. 

The  Chemical  BeUUiona  of  the  Family.  —  The  features  which 
are  common  to  the  four  elements  are  also  those  which  affiliate  them 
most  closely  with  their  'neighbors  on  the  right  side  of  the  column. 
They  yield  oxides  of  the  forms  CrO„  MoO»  W0„  and  UO,,  which,  like 
SO,,  are  acid  anhydrides,  and  show  the  elements  to  be  sexivalent 
They  give  also  acids  of  the  form  H^XO^,  corresponding  to  sulphuric 
acid,  whose  salts  resemble  the  sulphates.  Thus,  sodium  chromate 
Na2Cr04,  lOH^O  is  isomorphous  with  Glauber's  salt  (p.  576),  and  potas- 
sium chromate  K„Crl\  with  potassium  sulphate. 

Aside  from  the  chromates,  the  first  element  forms  also  two  basic 
hydroxides  Cr(()H)jj  and  Cr(OH)„  from  which  the  numerous  chromous 
((^r")  and  chromic  (Cr***)  salts  are  derived.  Uranium  forms  a  dioxide 
UOj,  to  which  correspond  the  urauous  salts  like  11(80^)5,  but  the  most 
familiar  salts  of  this"  metal  are  basic  salts  of  the  oxide  IJ0„  and  have 
the  form  UO,(NO,)y  Molybdenum  and  tungsten  are  not  base-forming 
elements. 

Chrohtitu. 

The  Chemical  Relations  of  the  Element.  —  Chromium  gives 
four  (Masses  of  compounds,  and  most  of  them  are  colored  sul)stanci's 
(Gk.  xp^H^'  <-olor).  The  chromates  are  derived  from  chromic  acid 
HjCrO^,  whidi,  however,  is  itself  mistable,  and  leaves  the  anhydride 
CrO,  when  it.s  solution  is  evaijorated.  The  oxide  and  hydroxid«*  in 
which  the  element  is  trivalent,  namely  CrjO,  and  ('r(C)H)„  are  weaklv 
basic  and  still  more  weakly  acidic.  ITence  we  have  chromic  salts  such 
as  ('rCl,  and  Cr3(S04),  which  are  somewhat  hydrolyzed,  but  no  carbon- 
ate, and  no  sulphide  which  is  stable  in  water.  The  compounds  in 
which  the  same  hydroxide  a<!ts  as  an  acid  are  the  chromites,  and  are 
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derived  from  the  leaa  c!om[jlt."tt?ly  hydrated  form  of  tbe  oxide  CrO(OH), 
Potassium  cliroiuite  K.UrUj  is  more  easily  hydrolyzed,  however,  than  is 
potassium  ziticate  or  potassium  aluniiiiate.  Finally,  the  chroraous  salts 
such  as  CrC!^  and  CrSO^  correspond  to  chromous  hydroxide  Cr(OH), 
ill  which  the  element  is  bivalent.  This  hydroxide  is  more  distinctly 
basic  than  is  chromic  hydroxide,  and  forms  a  carbonate  and  sulphide 
which  can  be  precipittited  in  aqueous  solution.  The  chromous  salts 
resemble  the  stannous  and  ferrous  (^.c.)  salts  in  being  easily  oxidized 
by  the  air, 

Oeeitt^ence  and  Isotntloti.  —  Chromium  is  found  chiefly  in 
ferrous  chromite  Fe(CrC\)j,  which  constitutes  the  muieral  chromite, 
and  in  crocoisite  PbCrO^,  which  is  chromate  of  lead.  The  metal  may 
be  made  by  heatijig  chromic  oxide  with  carbon  in  the  electric  furnace, 
or,  more  easily,  by  reduction  of  the  oxide  with  aluminium  filings  by 
Goldschmidt's  method  (p.  640). 

Phyaical  ami  Citemical  fropertieH,  —  Chromium  is  steel-gray 
in  color,  very  hard,  and  extremely  infusible.  It  does  not  tarnish,  but 
when  heated  it  bnnis  in  oxygen,  giving  the  green  chromic  oxide  CrjO,. 
It  seems  to  exist  in  two  states,  an  active  and  a  passive  one,  the  relations 
of  which  are  still  somewhat  ohecure.  A  fragment  which  has  been  made 
by  the  Goldschmidt  method,  or  has  been  dipjwd  in  nitric  acid,  is  passive, 
and  does  not  displace  hydrogen  from  hydrochloric  acid.  Wlien,  how- 
ever, the  specimen  is  warmed  with  this  acid,  it  begins  to  intei-act,  and 
thereafter  tiehaves  as  if  it  lay  between  zinc  and  cadmium  in  the  elec- 
tromotive series.  If  left  in  the  air,  it  slowly  becomes  inactive  again. 
Tin  and  iron  with  hydrochloric  acid  form  stannous  and  ferrous  chloride 
respectively,  because  the  higher  chlorides,  if  present,  would  be  reduced 
liy  the  nascent  hydrogen.  Here,  for  the  same  reason,  chromous 
chloride  and  not  chromic  chloride  is  formed ; 

Cr  -(-  2HC1  ^  CrCl,  -(-H,  or  Cr  -|-  2H'  -^  Cr".f  H^ 

DKEivAxrvKS  OF  Chbomic  Acid. 

FotanHum  Chromate.  —  This  and  the  sodium  salt,  or  rather  the 
corresponding  dichromates  (see  below),  ai'e  made  directly  from  chro- 
mite, and  foriu  the  starting-point  in  the  preparation  of  the  other  com- 
pounds of  chromium.  The  finely  powdered  mineral  is  mixed  with 
potash  and  limestone,  and  roasted.     The  lime  is  employed  chiefly  to 
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keep  the  mass  porous  Eind  accessible  to  the  oxygen  of  the  air,  tha 
[Kitassium  (jompoimds  beiug  easily  fusible : 

4Fe(CrO^,  +  SK^CO,  +  70,  -»  2Fe,0,  +  8K,CrO.  +  8C0,. 

The  iton  is  oxidized  to  ferric  oxide,  and  the  chromium  passes  from  the 

state  of  chromic  oxide  in  the  chromite  (FeO,CrjO,)  to  that  of  chromic 
anhydride  in  the  potassium  clu-omate  {K^O,('rO,).  Thus,  more  insight 
is  given  into  the  nature  of  the  action  by  the  equation 

4(FeO,L'r,(),)  +  8(K,0,C0,)  +  70,--*  2Fe,0,  +  8{K,0,CrO,)  +  9iX)^ 

The  cinder  i«  treated  with  hot  potassium  sulphate  solution.  This 
interacts  with  the  calcium  chromate,  which  is  formed  at  the  same 
time,  giving  inaohible  calcium  sntpliate ; 

CaUrO^  +  KjSOj  ^dt  CaSO,  J  +  K,CrO,. 

The  whole  of  the  potassium  chromate  goes  into  solution. 

Potassium  chromate  ia  pale-yellow  in  color,  rhombic  in  form  (\ao- 
morphoua  with  potassium  sulphate),  and  is  veiy  aoluble  in  wxter 
(61 :  100  at  10°). 

Sodium  chromate  is  ntade  by  using  sodium  carboimte  in  thf 
process  just  described. 

The  Diehromntitt.  —  WTien  a  solution  of  potasstom  sulphate  i« 
mixed  with  an  equivalent  amount  of  sulphuric  acid,  potassium  bisul* 
(ihate  is  obtainable  by  evaporation :  K,80,  +  H^SO^  — »  2KHSO«.  The 
dry  acid  salt,  wheu  heated,  loses  water  (p.  388),  giving  the  pyrosulphat« 
(or  disulphate) :  2KHS0,  ^li  KjS^O,  +  H,r>,  but  the  latter,  when  redis- 
solved,  returas  to  the  condition  of  acid  sulphate.  Now,  when  to  acid 
is  added  to  a  chromate  we  should  expect  the  chromic  acid  H,CrO,.  thus 
liberated,  to  interact,  giving  an  acid  chronmte  (say,  KHCrO,).  No  acid 
chromates  are  known,  however,  and  insteatl  of  them,  pyrochromateB  or 
dichrouiates  are  produced,  with  elimination  of  water.  In  other  words, 
the  second  of  the  above  actions  is  not  appreciably  reversible  when 
chromates  are  in  question : 

K,CrO,  +  11,80.      -^  (H^Ci-O.)  -f-  K.SO, 
K^Crd.  (+  H,CrO,)  ->  K^Cr.O,  +  H,0 


^KjCiO,  +  H,SO.    -*  K^Cr.O,  +  H,0  +  K^O,  (1) 
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In  terms  of  the  ionic  hypothesis,  S^O"  is  unstable  in  water,  aiitl  in- 
teractB  with  it,  giving  hycb-iou  and  aulphanion,  while  CtjJj"  la  stable 
in  water  and  is  formed  from  the  interaction  of  hydrion  and  chromaDion : 


8,0,"    +  H^O  £:;  2H'  +  2S0,", 
Cr,0,"  +  HjO  •=;  2H'  +  2CrO/'. 


(2) 


The  dichromatea  of  potaasiura  and  sodium  are  made  by  adding 
sulphuric  aeid  to  the  erudL^  solution  of  the  L-hromate  obtained  from 
chromite  {)).  724).  They  crystallize  when  the  liquid  cools,  and  tlie 
mother-liquor,  t;ontaiiiiug  thi?  iwtassium  sulphate  and  uudeposited 
dichromate,  is  used  for  extracting  a  fresh  portion  of  cinder.  As  the 
dichromates  are  much  less  soluble  than  the  chroinates,  they  eiystallize 
from  less  conceutrated  solutions,  aiul  can  therefore  be  obtained  in 
purer  condition.  For  this  reason  tlie  extract  is  always  treated  for 
dichromate. 

Potassium  diohromat»  K^Gr,©,  (or  K,CrO„GrO,)  crystallizes  in 
asymmetric  tables  of  orange-red  color.  Its  solubility  in  water  is  8 ; 
100  at  10°  and  lli.O  :  100  at  yO°.  Sodium  dichromate  NaXV^O,,  211,0 
forms  red  crystals  also,  and  its  solubility  is  109  :  100  at  15°.  This  salt 
is  now  cheaper  than  potassium  dichromate,  and  has  largely  disjjlaced 
the  latter  for  comniercial  purposes. 

By  treatment  of  the  chromates  with  larger  amounts  of  free  acid, 
other  polychi'oniates  are  fonned.  Thug,  with  increasing  amounts  of 
nitric  acid,  ammonium  chi-omate  gives  first  the  dichromate  (Nlljy 'r^O,, 
which  may  be  wi-itten  (NHjjjCrO^jf'rO,,  then  the  trichromate  (NH,), 
CrO^,  2CrO„  and  even  the  tetrachromate  (Nft,)sCr04,3(JrO„allof  which 
are  red  crystalline  sultstances. 

Chemical  Fropertien  »f  the  Dlchromate«.  —  1.  When  concen- 
trated sulphuric  acid  is  added  to  a  strong  solution  of  a  dichromate  (or 
chromate),  chromic  anhydride  separates  in  red  needles  : 

Na,Cr,0,  +  H,SO^  -^  NajSO,  +  H,0  -t-  2CrO,. 

2.  Although  a  dichromate  lacks  the  hydrogen,  it  is  essentially  of 
the  nature  of  an  acid  salt,  just  as  SbOCl  lacks  hydroxyl,  but  is  essen- 
tially a  basic  salt.  Hence,  when  potassium  hydroxide  is  added  to  a 
solution  of  potassium  dichromate,  potassium  chromate  Is  formed ; 


K,Cr,0,  +  2K0H  ->  2K,CrO,  +  H,0. 
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The  solution  changes  from  red  to  yellow,  and  the  chiomate  is  obtained 
by  evaporation.  It  is  in  this  way  that  pure  alkali  chromates  aie 
made. 

3.  By  addition  of  potassium  dichromate  to  a  solution  of  a  salt  of  a 
metal  whose  chromate  is  insoluble,  the  chromate  and  not  the  dichro- 
mate is  precipitated.  This  is  in  consequence  of  the  fact  that  there  is 
always  a  little  hydrion  and  CrO/'  (equation  (2)  above)  in  the  solution 
of  the  dichromate : 

2Ba(N0,),  +  KjCrjO,  +  H,0  ^  2BaCr04  +  2KN0,  +  2HN0r 

Being  essentially  an  acid  salt,  the  dichromate  produces  a  salt  and  an 
acid,  as  any  acid  salt  would  do.     For  example : 

Ba(NO,),  +  KHSO,  <=>  BaSOJ  +  KNO,  +  HNO, 

Soluble  chromates  are,  naturally,  equally  good  precipitants  of  inaolnble 
ones. 

4.  The  dichromates  of  potassium  and  sodium  melt  when  heated,  and, 
at  a  white  heat,  decompose,  giving  the  chromate,  chromic  oxide,  and  free 
oxygen.  To  make  the  equation,  we  note  that  the  dichromate,  for 
example  KjCrjO,,  consists  of  KjCJrO^  +  ('rO,,  and  the  latter,  if  alone, 
will  decompose  thus  :  2C;rO,  — >  Cr/),  +  30.  Since  the  product  must 
contain  a  multiple  of  O,,  the  equation  is : 

4K,CrjO,  -♦  4K,Cr04  +  2Cr,0,  +  30,. 

6.  With  free  acids  the  dichromates  give  powerful  oxidizing  mix- 
tures, in  couseciuence  of  their  tendency  to  form  chromic  salts.  Since 
the  latter  correspond  to  the  oxide  CrjO,  and  the  former  to  CrOs,  the 
passage  from  the  former  to  the  latter  must  furnish  30  for  every 
2CrOj  transformed.  In  dilute  solutions,  unless  a  body  capable  of 
being  oxidized  is  present,  no  actual  decomposition,  beyond  the  libera- 
tion of  chromic  acid  •  occurs.  When  concentrated  hydrochloric  acid  is 
used,  this  acid  itself  suffers  oxidation : 

K.CrjO,  +  8HC1  ->  2KC1  +  2Cr(Jl,  +  4H.0  ( +  30) 

(30)       +  6HC1 -» 3H.,0  +  3CI, 

KjCr^O,  +14HC1  -»  2KC1  +  2Ci-01,  +  7H,0  +  301, 

When  sulphuric  acid  is  employed,  an  oxidizable  substance  such  as 
*  NoL  shown  as  a  dUtlnct  stage  in  the  subsequent  equations. 
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hydrogen  sulphide  (ef.  p.  374),  sulphurous  acid,  or  alcohol  must  be 
present: 

K,Cr,0,  +      4H,S0,  -+  K,SO«  +  Cr,(SO,),  +  4H,0  (  +  30)     (1) 

(30)  +     3H,S0,  -+  3H,S0,  (2) 

or  (30)  +  3C;EI,0H  ->  3C,H«0  \  +  3H,0  (2') 

[alcohol]  [aldehyde] 

In  each  case  the  usual  summation  of  (1)  and  (2),  vith  omission  of  the 
30  gives  the  equation  for  the  whole  action.  When  (1)  is  dissected, 
K,0,2CrO,  giving  3S0„Cr,0,+30  is  found  to  be  its  essential  content. 
In  practice,  this  sort  of  action  is  used  for  the  purpose  of  making 
chromic  salts,  and  for  its  oxidizing  effects,  as  in  the  preparation  of 
aldehyde  and  in  the  dichromate  battery  (y.w.). 

6.  When  a  body  which  is  not  merely  oxidizable,  but  is  an  active 
reducing  agent,  is  employed,  the  dichromate  may  be  reduced  without 
the  addition  of  any  acid.  For  example,  when  warmed  with  ammonium 
sulphide,  a  dichromate  gives  chromic  hydroxide  and  free  sulphur : 

K,Cr,0,  +  3(NH4),S  +  7H,0  -■*  2Cr(0H),  +  3S  +  2K0H  +  6NH,0H, 

If  the  reducing  body  is  less  active,  the  change  may  nevertheless  take 
place  under  the  influence  of  light.  Thus,  when  paper  is  coated  with 
gelatine  containing  a  soluble  chromate  or  dichromate,  and,  after  being 
dried,  is  exposed  to  light,  chromic  oxide  is  formed  by  reduction,  and 
combines  with  the  gelatine  to  give  an  organic  compound.  This  product 
will  not  swell  up  or  dissolve  in  tepid  water  as  does  pure  gelatine. 
This  aetion  is  used  in  many  ways  for  purposes  of  artistic  reproduction. 
Thus,  if  the  gelatine  mixture  is  made  up  with  lampblack,  and,  after  the 
coating  has  dried,  is  covered  with  a  negative  and  exposed  to  light,  the 
parts  which  were  protected  from  illumination  may  afterwards  be 
washed  away,  while  the  "  carbon  print "  remains.  The  gelatine  layer 
can  be  transferred  to  wood  or  copper  before  washing.  When  materials 
of  different  colors  are  substituted  for  the  lampblack,  prints  of  any 
desired  tint  may  be  made  by  the  same  process. 

Insoluble  Chromatea.  —  A  number  of  chromates,  formed  by  pre- 
cipitation with  a  solution  of  a  soluble  chromate  or  dichromate,  are 
familiar.  Thus,  lead  chromate  PbC^rO^  is  used  as  a  yellow  pigment. 
By  treatment  with  lime-water  it  gives  a  basic  salt  of  brilliant  red  color 
—  «  chrome-red  "  Pbj0Cr0«.  Salfcj  of  calcium  give  a  yellow,  hydrated 
^^lf^nm  cliromat«  CaCrO«  2H0,  analogous  to  gypsum,  and,  like  it,  per- 
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ceptibly  soluble  in  water  (0,4  :  100  at  14°).  Barinm  ctai-omate 
is  also  yeUow.  Being  a  salt  of  a  feeble  acid,  it  interaota  with  actif 
acids,  and  passes  into  solution.  Like  ■calcium  oxalate  (cf.  p.  599),  it  is 
not  soluble  euough  to  be  attacked  by  acetic  acid,  atrontiiim  cbromatft 
howe%'er,  is  soluble  in  acetic  acid.  Silver  ohromate  is  red,  and  inter- 
acts easily  with  acids.  It  will  be  observed  that  there  ia  a  close  corre- 
spondence between  the  relative  solubilities  of  the  chromates  and  the 
sulphates. 

Chromyl  ChloHde,  — This  compound  corresponds  to  sulphuryl 

chloride  S(  tjCl^  and  is  made  by  distilling  a  dichroniate  with  a  chloride 
and  concentrated  sulphuric  acid  : 

K,Cr,0,  +  iKCl  +  3a,S04  -»  2GrO,Cl,  +  3K,S0.  4-  3H,0. 

The  hydrochloric  acid  liberated  from  the  chloride  may  be  supposed  to 
interact  with  chromic  acid  from  the  dichroraate  : 

CrO,(OH),  +  2HC1  -►  CrO,Cl,  -|-  2H,0. 

Chromyl  chloride  la  a  red  liquid,  boiling  at  118°.  It  fumes  strongly  in 
moist  air,  being  hydrolyzed  by  water.  This  action  is  the  reveree  of 
that  shown  in  the  last  equation.  No  corresponding  bromine  and  iodine 
com  pounds  are  known ;  and  when  a  bromide  or  iodide  is  treated  as  de- 
scribed above,  the  halogens  are  liberated  by  oxidation,  and  no  volatile 
compound  of  chromium  appears.  Hence,  when  an  unknown  halide  b 
mixed  with  potaasium  dichromate  and  sulphuric  acid  and  distilled,  and 
the  vajjors  are  caught  in  ammonium  hydroxide,  the  finding  of  a  chromat* 
in  the  distillate  demonstrates  the  existence  of  a  chloride  in  the  original 
substance : 

CrOjCl,  +  4NHjOH  -♦  (NH,)jCrOi  +  2NH,C1  +  2H,0. 

This  action  is  used  as  a  test  for  the  pi-esence  of  traces  of  chlorides 
large  amounts  of  bromides  or  iodides. 

Chromic  Anhydride,  —  The  oxide  CrO,  is  made a«  described  above 

(par,  1,  p.  725),  and  is  often  called  chromic  acid.  It  is  soluble  in 
water,  and  combines  with  the  latter  to  some  extent,  giving  dichromic 
acid  Hj.Gr,0,.  In  acidified  solution  it  is  much  used  as  an  oxidizing 
agent  for  organic  substances.  It  interacts  with  acids  in  the  aame  way 
as  do  the  diohromates,  giving  chromic  salts  and  furnishing  oxygen  to 
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the  oxidizable  body,  \^^len  heated  by  itself,  it  loses  oxygen  readily, 
and  yielda  the  green  chromic  oxide  :  4CrO,  — ♦  2Cr,0,  +  30,. 

Perchromic  Aeld.  —  When  hydrogen  peroxide  (cf.  p.  306)  ia  pres- 
ent in  solution  with  free  phromic  acid,  a  deep-blue,  unstable  eompoiind 
is  formed.  It  can  be  extracted  from  the  solution  by  ineans  of  ether, 
and  its  formation  ia  used  as  a  delicate  test  for  hydrogen  peroxide 
(y.w.).  It  is  supposed  to  be  a  mixed  anhydride  of  hydrogen  peroxide 
with  diehromic  acid,  perhaps  HjCr^O,  {cf.  p,  397). 

Chromic   Compounds. 

Chromic  Chloride.  —  Pl  hydrated  chloride  CrCl,,  6HjO  is  ob- 
tained by  treating  the  hydroxide  Cr{OH)j  with  hydrochloric  acid  and 
evaporating.  When  heated,  this  is  hydrolyzed,  and  chromic  oxide  re- 
mains. The  anhydrous  chloride  ia  formed  by  sublimation,  as  a  mass  of 
lirilliant,  reddiah-violet  scales,  when  chlorine  ia  led  over  a  heated  mix- 
ture of  chromic  oxide  and  carbon  {cf.  Silicon  tetrachloride)  : 

Cr.O,  -h  3€  +  3C1,  ^  2CrCI,  +  SCO. 

In  this  form  the  substance  dissolves  with  extreme  slowness,  even  in 
i)oi]ing  water,  but  m  presence  of  a  trace  of  chromoua  chloride  or 
stannous  chloride  it  is  easily  soluble.  The  solution  ia  green,  as  are 
all  aolutiona  of  chromic  salts  after  they  have  been  boiled,  but  on  stand- 
ing in  the  cold,  blue  crystals  of  OCl»,  6H,0  are  deposited.  These  give 
;i  blue  solution  containing  Vx'"  +  301',  but  Iwiling  reproduces  the 
green  color.  The  green  material  is  a  basic  salt  of  an  exceptional 
nature.  It  has  lost  one  unit  of  chlorine  by  hydrolysis,  and  one  of  the 
two  others  is  not  precipitated  by  nitrate  of  silver.  The  substance  is 
supposed,  therefore,  to  contain  a  complex  cation  and  to  have  the  formula 
CrClOH.Cl. 


Chromic  Hydroxide.  —  When  ammonium  hydroxide  is  added  to 
a  solution  of  a  chromic  salt,  a  hydrated  hydroxide  of  pale^blne  color, 
Cr(OH)„  2HsO,  is  thrown  down.  This  loses  water  by  stages,  giving 
intermediate  hydroxides  such  as  Cr(Oir),  and  CrOOH,  and  finally 
Cr,0^  It  interacts  with  acids,  giving  chromic  salts.  It  also  dis- 
solves in  potassium  and  sodium  hydroxides  to  form  green  solutions  of 
cbromltvi  of  the  form  KCrO,.  When  the  solutions  of  the  alkali 
chromites  are  boiled,  the  free  hydroxide,  present  in  consequence   of 


730  mOROANIC  CHEMI8TBT 

hydrolysis,  is  converted  into  a  greenish,  less  completely  hydiated,  and 
less  soluble  variety.  This  begins  to  come  out  as  a  precipitate,  and 
soon  the  whole  action  is  reversed.  Insoluble  chiomites,  such  as  that 
of  iron  Fe(CrO,)„  are  found  in  naWe.  Many  of  them,  like  Zn(CrO,), 
and  Mg(CrO,)2,  may  be  formed  by  fusing  the  oxide  of  the  metal  witJi 
chromic  oxide ;  the  action  being  similar  to  that  used  in  making  zino- 
ates  (p.  648)  and  aluminates  (p.  691). 

Chromic  Oxide.  — This  oxide  is  obtained  as  a  green,  infusible 
powder  by  heating  the  hydroxide ;  or,  more  readily,  by  heating  diy 
ammonium  dichromate ;  or  by  igniting  potassium  dichromate  with  sul- 
phur and  washing  the  potassium  sulphate  out  of  the  residue  : 

(NH0,Cr,O,  ^  N,  +  4H,0  +  Cr.O,, 
K,Cr,0,  +  S  ->  igSO,  +  Cr,0,. 

Chromic  oxide  is  not  affected  by  acids,  but  may  be  converted  into  the 
sulphate  by  fusion  with  potassium  bisulphate.  It  is  used  for  making 
green  paint,  and  for  giving  a  green  tint  to  glass.  When  the  oxide,  or 
any  of  the  chromic  salts,  is  fused  with  a  basic  substance  such  as  an 
alkali  carlwnate,  it  passes  into  the  form  of  a  chromate,  absorbing  the 
necessary  oxygen  from  the  air.  If  an  alkali  nitriite  or  chlorate  is  added, 
the  oxidation  goes  on  more  quickly.  The  alkaline  solution  of  the 
chromites  may  be  oxidized,  for  example,  by  addition  of  chlorine  or 
bromine,  and  chromates  are  formed. 

Chromic  Sulphate,  —  This  salt  crystallizes  in  reddish-violet  crys- 
tals of  a  hydrate  0rj(SO4)g,15HjO,  and  may  be  made  by  treating  the 
hydroxide  with  sulphuric  acid.  It  gives  reddish-violet,  octahedral 
crystals  of  chrome-alum  (rf.  p.  687),  KjS04,Crj(S04)„24HjO,  when 
mixed  with  potassium  sulphate.  This  double  salt  is  most  easily  ob- 
tained by  reducing  potassium  dichromate  in  dilute  sulphuric  acid  by 
means  of  sulphurous  acid  (p.  727),  and  allowing  the  solution  to  crystal- 
lize. The  solution  of  the  crystals,  either  of  the  pure  sulphate  or  of 
the  alum,  is  bluish-violet  CCr*"),  but  when  Iwiled  becomes  green.  The 
green  compound  is  formed  by  hydrolysis  and  is  gummy  and  uncrj-stal- 
lizable.  It  even  yields  products  which  do  not  show  the  presence  either 
of  the  Cr'"  or  the  SO/'  ion.     It  seems  to  be  formed  thus : 

2Cr,(S0,),  +  H.O  ?z»  Cr,0(SO,),.SO,  +  H,SO,. 
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The  ^een  materials  revert  slowly  to  the  violet  obbs  by  reversal  of  the 
above  action  when  the  solution  remains  in  the  oohl,  and  so  cryatiila  of 
the  sulphate  or  of  the  alum  are  obtainable  from  the  gree^  solutions. 

Chromic  Acetate.  — This  salt,  Ct(C,H,0^„  18  made  by  treating 
the  hydroxide  with  acetic  acid,  and  a  green  solution  of  it  ia  used  as  a 
moidaut  by  calico-printera  (cf.  p.  G89). 


Chromoos  Compounds. 

By  the  interaction  of  chromium  with  hydrochloric  a«id,  or  by  re- 
ducing chromie  chloride  in  a  stream  of  hydrogen,  obrojnonB  chloride 
( 'r(  "L  is  formed.  The  aiihyiliwis  salt  ia  colorless,  and  its  sulution  i-i 
blue  (Cr").  Like  stannous  chloride,  it  is  very  easily  oxidized  by  the 
air,  a  solution  of  it  eontaiuing  excesa  of  hydrochloric  ai^id  being  used 
in  the  laboratory  to  absorb  oxygen  : 

4CrCl,  +  4HC1  +  O,  -►  4CrCl,  +  2H,0. 

Chromous  hydroxide  is  obtained  as  a  yellow  precipitate  when  alka- 
lies are  added  to  the  chloride.  With  sulphuric  acid  it  gives  chromouB 
sulphate  ("rSU,,  7HjO,  which  is  isomorphous  with  the  vitriols  (p.  G49). 

(Jhroraoua  salts  give  with  ammonium  sulplude  a  black  precipitate 
of  chromouB  sulphide,  and  with  sodium  acetate  a  red  precipitate  of 
chromouB  acetate.  The  latter  is  not  verj'  soluble,  and  is  less  quickly 
oxidized  by  the  air  than  any  of  the  other  chromous  compounds. 

AHalyticat  Rwictlontt  of  Chtomluui  Compoundit,  —  The 
chromic  salts  give  the  bluish-violet  tricliromion  Cr***,  or  the  green  com- 
plex cations,  and  may  be  recognized  in  solution  by  their  color.  The 
chromates  and  dichromates  give  the  ions  CrO,"  aud  Crj* )/',  which  are 
yellow  and  red  resfiectively.  From  chi-oraic  salt.s,  alkalies  and  ammo- 
nium sulphide  precipitate  the  bluish-green  hydroxide,  and  carbonates 
give  a  basic  carbonate  which  is  almost  completely  bydrolyzed  to 
hydroxide.  By  fusion  with  sodium  carbonate  and  sodium  nitrate,  they 
yield  a  yellow  bead  containing  the  chvomate.  The  chromates  and 
dichromates  are  recognized  by  the  insoluble  chromates  wlileh  they 
precipitate,  and  by  their  oxidizing  power  when  mixed  with  acids.  All 
compounds  of  chromium  give  a  green  borax  bead  containing  chromic 
borate,  and  this  bead  differs  from  that  given  by  compounds  of  copper 
{cf.  p.  626),  which  is  also  green,  in  being  unreducible. 
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As  was  stated  at  the  opening  of  the  chapt€r,  these  elemextts  ^n 
acid  anhydrides  of  the  form  XO,,  and  acids  and  salts  of  the  fom 
HjXOj.  They  also  give  salts  of  the  form  HjX,0,  corresponding  to 
the  dichrotnates.     Uranium  has  base-forming  properties  as  well. 


Molybdenum^  —  This    element    is    found 
PbMoO,  and   molybdenite   MoS^     The   latter 


chiefly  in  -wiilfeniu 
resembles  black  lead 
(graphite),  and  its  appearance  suggested  the  name  of  the  element 
{Gk,  fio^vjS&ui^lead).  The  molybdenite  is  converted  by  roasting  into 
moljrbdlo  anhydride  MoO,,  When  this  is  treated  with  ammonioiD 
liyth'oxide,  or  with  aoilium  hydroxide,  ammonium  molybdate  CNH,), 
Mo(  >4,  or  •odium  molybdate  NajMoO^,  lOHjO  is  obtained.  The  metal 
itself  is  liberated  by  reducing  the  oxide  or  chloride  with  hydrogen. 
\Vheu  pure  it  resembles  wrought  iron,  and,  like  iron  {q.v.),  takes  ij|i 
carbon  and  shows  the  phenomena  of  tempering.  The  oitldea  [MoO  '.'J, 
Mo,0,,  MoOj,  and  MoO,  are  known,  but  the  lower  oxides  are  not  basic 
The  chloride*  Mo,Cl„  MoCl,,  MoCl^,  and  MoClj  have  been  made.  The 
chief  use  of  molybdenum  compoimds  in  the  laboratory  is  in  teatlnc  tat 
d  estimating  phospliorlc  add.  \Vlien  a  little  of  a  phosp)iat«;  is  added 
a  solution  of  ammouium  molybdatw  in  nitric  acid,  and  the  iiii,\ture 
is  warmed,  a  copious  yellow  precipitate  of  a  phoBphomolybdat«  of 
ammonium  (NHj)(POj,llMoOj,  GHjO  is  formed.  The  compound  is 
soluble  in  excess  of  phosphoric  acid  and  in  alkalies,  but  not  in  dilate 
mineral  acids. 

Tungsten.  —  The  minerals  scheelite  CaWOj  and  wolfram  FeWO, 
are  tuugstates  of  calcium  and  iron  respectively.  By  fusion  of  wolfram 
with  sodium  carbonate  and  extraction  with  water,  •odium  tongBtate 
Na^WOj,  2HjO  is  secured.  It  is  used  iis  a  mordant  aud  for  rendering 
muslin  fire-proof.  Acids  precipitate  tungstlc  aold  HjWO,,H,0  fnuu 
solutions  of  this  salt.  The  element  gives  the  oxide*  WO,  and  W<),. 
the  latter  being  formed  by  ignition  of   txingatic  aciil.     The  oblorldM 


WU1„   WCl^ 


WC1„  and 


WCI,  are  known,   the   last   being   formed 


directly,  and  the  others  by  reduction, 
S  per  cent  of  tungsten, 


A  hard  variety  of  steel  contains 


UraniiifH.  —  This  element  is  found  chiefly  in  pitchblende,  which 
contains  the  oxide  U,0,  along  with  smaller  amounts  of  many  other  ele- 
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ments.  Bj  roasting  the  ore  with  carbonate  and  nitrate  of  sodium,  and 
extracting  with  water,  an  impure  solution  of  sodium  uran«t«  JiaUO,  is 
obtained.  Acids  precipitate  the  insoluble,  yellow  dlnranats  Na,lf ,<>„ 
6H,0.  This  salt  is  used  in  makiiig  uraiUam  glaas,  whir;h  shows  a 
yellowish-green  fluorescence.  Tlie  property  is  due  to  the  fact  that 
the  wave-length  of  part  of  the  invisible,  ultrar violet  rays  of  the  sun- 
light are  shortened,  and  a  greenish  light  is  therefore  in  excess.  The 
oxldea  are  UO,  a  basic  oxide,  U,0„  U,0|  the  moat  stable  oxide, 
UO,  uranic  anhydride,  and  UC\  a  peroxide. 

When  the  oxide  UO,  is  treated  with  acids,  it  gives  uranouB  aalts 
such  as  uranoua  sulphate  U(SO,)j, 4H3O.  Uranic  iiuliydridn  aud 
uranic  acid  interai^t  with  acids,  giving  basic  salts,  such  iw  UO^SO,, 
SjIIjO,  and  UOj(NO,)s,  6H,0,  which  are  named  uranjrl  sulpbata,  uraiiyl 
nitrate,  and  so  forth.  They  are  yellow  in  color,  with  grctni  Hiiore*i- 
cence.  Amniouiuni  sulphide  throws  down  the  brown,  unstable  urauyl 
sulphide  UO,S  from  tJieir  solutions. 


Radiuh. 

Tfte  Dlitcovery  of  the  Etement,'  —  It  was  Becfjuerel  who  first 
noticed  (1898)  tliat  all  compounds  of  uranium  gave  out  a  radiation 
capable  of  affecting  a  photographic  plate  covered  with  black,  light- 
proof  paper.  The  Becquerel  rays,  however,  reijuired  several  days  to 
produce  a  distinct  effect.  These  rays  had  a  second,  eipuiUy  remarkable 
property.  Ordinary  air  is  an  extremely  poor  conductor  of  electricity, 
and  for  this  reason  a  well-insulated,  electrically  diarged  body,  such  as 
an  electroscojie,  wiU  retain  its  charge  for  a  long  time.  Yet  a  few 
tenths  of  a  gram  of  any  urauiuiu  compound,  brought  within  .1  or  4  cm. 
of  the  charged  body,  rendered  the  air  a  conductor,  and  the  charge  was 
quickly  lost.  The  air,  under  these  conditions,  is  said  to  be  "  ioniKcd,*' 
but  the  positive  and  negative  ions  it  contains  are  probably  large 
molecular  complexes.  This  property  makes  possible  the  qnantiUitive 
measurement  of  radio-activity,  or  the  rate  of  proiluction  of  Becq  uerel 
rays.  We  simply  have  to  compare  the  times  recjuircd  for  the  dischargo 
of  an  electroscope  by  different  specimens  of  radio-active  matter. 

The  radio-activity  of  every  puro  uranium  compound  is  proportional 
to  its  uranium  content.  The  ores  are,  however,  relatively  four  tiuies 
an  active.     This  fact  led  M.  and  Mme.  Curie  to  the  discovery  tiiat  the 

•  I  un  indebted  to  my  colleague  Profeaaor  H.  N.  McCoy  lor  the  material  of 
which  the  followiug  is  a  slightly  coadeiued  verdon. 
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pitchblende  residues,  from  wliich  practically  all  of  the  uianlam  had 
been  extracted,  were  nevertheless  quite  active.  About  a  ton  of  tlie 
very  complex  residues  having  teen  separated  laboriously  into  the  con- 
stituents, it  was  found  that  a  large  part  of  the  radio-activity  remained 
with  the  eompound  of  barium.  The  barium  chloride,  after  being  puri- 
fied until  no  other  elements  could  te  detected  in  it  by  ordinary  chemi- 
cal tests,  was  sixty  times  as  active  aa  uranium.  The  percentage  ol 
chlorine  contained  in  it  was  almost  identical  with  that  in  the  onliuoij 
salt,  and  it  differefl  from  this  only  in  its  photo-aetive  and  "  ionizing'' 
powers.  By  repeat/ed  systematic  recrystallization,  however,  a  portion 
was  sc])arated  which  gave  distinctly  the  spectnim  of  a  new  element  ai^ 
a  diminished  percentage  of  chlorine.  Finally,  a  product  free  frotD 
barium,  and  thi-ee  million  times  as  active  as  uranium,  was  secured.  Tlie 
nature  of  the  spectrum  ami  the  chemicjil  relations  of  the  element,  now 
named  radium,  jihiced  it  with  the  metals  of  the  alkaline  earths.  The 
ratio  by  weight  of  chlorine  to  radium  in  the  compound  was  35.45 :  112.6, 
so  that,  on  the  assumption  that  the  element  is  bivalent,  its  atomic 
weight  is  225.  With  this  value  it  occupies  a  place  formerly  vacant 
in  the  periodic  table. 

Properties  of  Radltttn  Cotnpound».  —  Radium  has  not  lieen 
iaolati'd,  and  the  chloride  and  bromide  are  usually  employed.  The 
enormous  photo-activity  and  ionizing  power  of  the  compound  ha> 
been  mentioned  above.  The  rays,  like  X-rays,  may  cause  severe 
"burns.''  Many  substances,  like  zinc-blende  and  the  diamond,  phoB- 
])hore8ce  brilliantly  when  exposed  to  the  rays.  The  most  remarkable 
prtii>erty  of  the  salts,  however,  is  their  constant  evolution  of  beat  in 
relatively  enormous  quantities.  One  gram  of  the  element,  in  com- 
bination, evolves  over  100  cal.  per  hour,  and  it  is  estimated  that  the 
total  amount  of  heat  spontaneously  prwlticed  by  1  g.  would  bo  about 
10'"  cal.  To  prmluce  the  same  amount  of  heat  by  combustion,  no  lees 
than  300  kg.  of  bydrogen  would  have  to  be  bui'ned. 

The  lifidtaUotin  of  EttfUum  Snitg^  —  The  Becquerel  rays 
made  up  of  three  different  rsuliations :  The  a-rays,  which  produce  the 
ionhsation,  and  are  almost  completely  absorbed  by  a  piece  of  ]>aper; 
the  j8-ray8,  which  produce  the  photogi'apluc  effects  and  readily  penetrate 
paper  and  even  thin  sheets  of  metal;  the  y-rays,  which  resemble 
X-rays. 

When  ammonium  carbonate  is  added  in  excess  to  a  solution  of  a 


RADIUM 


soluble  salt  of  UTa,nium,  a  precipitate  is  formed  and  redisaolTes.  A 
trifling  undissolved  residue,  called  uraoium-X,  however,  posseBses 
itself  of  all  the  /3-iay  activity  of  the  original  material.  While  the 
activity  of  any  ordinary  uranium  compound  is  constant,  that  of  U-X 
decreases  rather  rapidly,  reaching  half  value  in  22  days,  and  disappear- 
ing entirely  in  a  few  months. 

The  uranium  freed  from  U-X  has  at  first  only  a-ray  activity,  but 
after  22  days  it  has  recovered  half  its  former  ^-ray  activity,  and 
after  a  few  months  the  whole.  The  removal  of  equal  quantities  of 
U-X  may  be  repeated,  in  this  way,  at  intervals  of  a  few  months,  any 
number  of  times.  There  is  thus  a  eonttnuous  prtiductmn  of  U-X  from 
uranium. 

It  has  been  found  that  the  jS-rays  are  identical  with  cathode  rays, 
and,  in  teruis  of  the  molecular  hypotliesis,  consist  of  minute  particles, 
electronB  or  corpnacles,  shot  out  with  a  velocity  approaching  that  of 
light.  The  Tuass  of  each  corpuscle  is  about  ^oVb  ^^  ^^^^  "^  ^°  atom 
of  hydrogen  (ef.  p.  222),  and  bears  a  negative  charge  of  electricity 
equal  to  that  on  a  chlorine  ion  in  solution.  %, 

The  a-riiya  consist  of  particles  about  twice  as  heavy  as  a  hydrt^n 
atom,  and  move  with  enormous  velocity.  Each  of  these  particles  bears 
a  positive  charge  equal  to  that  on  one  atom  of  hydriou. 

Rutherford  and  Soddy  account  for  the  facts  on  which  the  alxive 
hyjjothetical  statements  are  based  by  the  disintegration  bypotbesU. 
All  atoms  ai'C  considered  as  groujM  of  minute  particles  in  a  state  of 
rapid  orbital  motion.  The  atoms  of  radio-active  elements  are  not 
perfectly  stable,  aad,  occasionally,  disintegration  occurs,  one  or  more  of 
the  particles  being  shot  out.  These  particles  constitute  the  a-  and 
j3-rays.  The  heating  effect  of  radium  salts  is  thus  due  to  the  change 
of  the  kinetic  energj'  of  the  moving  particles  into  heat  when  they 
encounter  some  other  body. 

The  y-rays  probably  originate  by  the  impact  of  ^rays,  just  w 
X-rays  are  produced  by  cathode  rays. 

Tfie  Decay  of  an  Element.  —  Uranium  (at.  wt.  238.5)  has  the 
heaviest  known  atom.  The  disintegration  of  its  atom  gives  a-rays  and 
leaves  the  lighter  atoms  of  U-X.  In  a  similar  manner,  radium  gives 
rise  to  a  new  radio-active,  gaseous  body,  the  radium  emanation.  This, 
like  U-X,  is  not  permanent,  and  loses  half  its  activity  in  four  days.  In 
doing  go  it  produces  a  series  of  new  radio-active  substances.  These, 
with  their  times  of  decay  to  half  value,  are  as  follows  (Rutherford) ; 


INORGANIC  CHEMISTRT 


Em 


B 


C 


D 


E 


Ba    — »    ivm   — »A— >IJ— »u     — t     ±j    —t     ^      — .      f 
1500  yrs,  4  days  Sniin,  26miii,  19min.  40  yrs.  6  days  142  days 

Ead  iumtbuslosesitsactivity.  Toaecountforitspreaencein  the  ore, 
•we  must,  therefore,  suppose  that  it  ia  being  continuously  produced  from 
some  sourc*.  Thia  source  must  be  umniuni,  for  every  known  vjir 
niuni  ore  contains  i-adium  (McCoy)  and  radium  emanation  (Boltwood) 
in  amounts  proiwi-tional  to  the  jiraniuiii  content.  Furthermore,  it  is 
asserted  by  Soddy  that  the  radium  emanation  is  slowly  re-formed  in  it 
uranium  compound  previously  freed  from  radio-active  substances, 
although  Boltwood  has  failed  to  uonfirm  this  observation. 

It  has  recently  been  found  {Ramsay  and  Soddy)  that  helium  (p.  430) 
is  one  of  the  decomposition  products  of  the  radium  emanation. 

The  phenomena  of  radio-active  substances  lead  undeniably  to  the 
stai'tling  conclusion  that  some,  if  not  all,  of  the  elements  are  capable 
rf  s/joHtane.ous  deco7iipo.<!iticin.  The  transmutation  of  tlie  elements,  in 
the  manner  indicated,  seems  to  be  clearly  established,  since  it  appears 
certain  that  the  element  uranium  produces  another  undoubted  element, 
radium,  which,  in  turn,  yields  the  element  helium.  Besides  the  U  —  R» 
series  of  radio-active  sutstances,  others  are  known.  Thus,  all  of  the 
compounds  of  thorium  are  radio-active,  and  other  less  well-character- 
ized substances,  such  as  jioloniuni,  actinium,  radio-tellurium,  radio-lead, 
etc.,  have  been  separated  from  pitchblende.  It  is  probable  that  radio- 
lead  is  radium-D,  and  that  radio-tellurium  is  radium-F.  There  is  also 
t«>nsidcrable  evidence  that  many  other  elements  arc  very  slightly  radio- 
active, perliaps  -jji^j  as  active  as  uranium.  This  may  mean  that  all 
elements  undergo  an  extremely  slow,  spontaneous  decay.  At  present 
there  is  no  known  means  of  hastening  the  rate  of  radio-active  change. 


ExerclaeM.  —  1.  Construct  equations  showing  the  interactions  of 
(u)  chromic  oxide  and  aluminium,  (b)  strontium  nitrate  and  potasaiooi 
dichromate  in  solution,  (i-)  potassium  hydroxide  and  chromic  hydroxide, 
and  the  reversal  on  boiling,  {</)  chlorine  and  potassium  chromite  in 
excess  of  alkali  ( what  ia  the  actual  oxidizing  agent  ?). 

2.  What  volume  of  oxygen  at  QP  and  760  mm.  (u)  is  obtainabJe 
from  one  formula-weight  of  potassium  dichromate  (par.  4,  p.  726),  (6) 
ia  required  to  oxidize  one  formula-weight  of  cbi'omous  chloride  ? 

3.  To  what  classes  of  actions  should  you  assign  the  three  methods 
of  making  iikrouuc  oxide  (p.  730)  ? 


CHAPTER   XLIII 

MANGANESB 

The  Chemical  UefatUitm  of  the.  Element,  —  Manganese  standa, 
at  present,  alone  on  tlie  lei't  side  of  the  eiglith  cioluiuu  of  the  periodic 
table.  The  right  side  is  occupied  by  the  halogens.  It  is  never  uni- 
valent, as  the  halogens  are,  but  its  heptoxide  Mn^O,  and  the  corre- 
sponding acid,  permanganic  acid  HMn<J(,  are  in  many  ways  closely 
related  to  the  heptoxide  of  chlorine  and  jterchloric  acid  HCIO^.  Of 
the  lower  oxides  of  manganese,  MnO  is  basic,  and  Mn,Oj  feebly  liasic. 
MuO,  is  feebly  acidic,  MnO,  more  strongly  so,  and  permanganic  acid 
(from  MnjOj)  is  a  very  active  acid.  Contrary  to  tlie  habit  of  feebly 
acidic  and  feebly  basic  oxides,  such  as  those  uf  zinc,  aliuninium,  and 
tin,  the  basic  oxides  of  manganese  are  not  at  all  acidic,  and  the  acidic 
oxides  (with  the  possible  exception  of  MDjO,,)  are  not  also  basic.  There 
are  thus  the  five  following,  rather  well-defined  sets  of  compounds, 
showing  five  different  valences  of  the  element.  Of  these  the  first, 
fouHli,  and  fifth  are  the  most  stable  and  the  most  important. 

1.  ManganouB  oompoundB,  MnO,  Mn(OH)j,  MnSO^,  etc.  These 
oompouods  resemble  those  of  the  magnesium  family  {and  those  of 
Fe").  The  salts  of  weak  acids,  such  as  the  eai'bonate  and  sulphide, 
are  easily  made,  and  there  is  little  hydrolysis  of  the  halidos.  The 
Baits  are  pale-pink  in  color. 

2.  Manganic  compound*,  MnjO,,  Mn(OH)„  Mn,(SO,)„  [MnCl,]. 
The  salts  resemble  the  chromic  and  aluminium  salts  in  behavior,  but 
ai'e  even  less  stable  than  those  of  quadrivalent  lead.  They  are  com- 
pletely bydrolyzcd  by  little  water.     The  salts  are  violet  in  color. 

3.  Mauganitea,  MnOj,  H^MnO,,  CaMnO,.  l"he  alkali  manganites 
are  strongly  hydrolyzed,  like  pkimbates  and  stannates. 

4.  MangauateB,  i^IuO,,  H,]^lnO„  K,MnO|.  The  salts  resemble  the 
sulphates  and  chromates,  but  are  much  more  easily  hydrolyzed.  The 
free  acid  resembles  chloric  acid  in  that  when  it  decomposes  it  yields 
a  higher  aeid  (HMnOj)  and  a  lower  oxide  (MnOj).  The  salts  are 
green  in  color. 

6.  Permangaoate^  Mn.O,,  HMnO,(hydrated),  KJlInO^.     The  »i 
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resemble  the  perchlorates.  and  are  not  hydrolyzed  by  water.  They  ate 
reddish-purple  in  color. 

It  will  be  seen  that  the  element  manganese  chasges  its  character 
totally  with  change  in  valence,  and  in  each  form  of  combination 
resembles  some  set  of  elements  of  valence  identical  with  that  which  it 
has  itself  assumed. 

OceurreiMse  atul  Isolation.  —  The  chief  ore  is  the  dioxide,  pyio- 
lusite  MnOg,  which  always  contains  compounds  of  iron.  Other  man- 
ganese minerals  ai-e :  braunite  Mn,0, ;  the  hydrated  form,  manganite 
MnO(OH);  hausmannite  MnjO^;  and  manganese  spar  MnCO^  The 
last  is  isomorphous  with  calcite.  The  metal  is  most  easily  made  by 
reducing  one  of  the  oxides  with  aluminium  by  Goldschmidt's  method. 

Physical  and  C/temieal  Properties, — The  metal  manganese 
has  a  grayish  luster  faintly  tinged  with  red.  It  rusts  in  moist  air,  and 
easily  displaces  hydrogen  from  dilute  acids,  giving  manganous  salts. 
Its  alloys  with  iron,  such  as  ferro-manganese  (20-80  per  cent  mangan- 
ese), are  used  in  the  ai'ts. 

Oxides.  —  MaaganouB  oxide  MnO  is  a  green  powder,  made  by  re- 
ducing any  of  the  other  oxides  with  hydrogen.  Hansmannite  Mn,0, 
is  red.  An  oxide  having  this  composition  is  formed  when  any  of  the 
other  oxides  is  heated  in  air,  oxidation  or  reduction,  as  the  cjise  inay 
be,-  taking  place  (rf.  p.  701).  This  oxide  corresponds  to  minium 
Pb^O^  (p.  701)  iather  than  to  Fe,<.)<,  for  with  dilut«  acids  it  gives  a 
soluble  manganous  salt  and  a  precipitate  of  the  dioxide : 

MujMnC),  -I-  4HN(),  ->  2Mn(N0,),  -|-  H^MnO^J. 

The  hydrated  dioxide  H^MnO^  sul)sequeutly  loses  water.  Hans- 
mannite also  forms  sc^uare  prismatic  (rrystals.  In  view  of  its  behavior 
with  acids  and  its  crystalline  form,  it  is  thought  to  l>e  an  orthoniau- 
ganite  of  numgsinese  MujMnO^,  rather  than  a  derivative  of  manganic 
oxide,  Mn(Mu0.j)2,  'which  would  be  a  spinelle  (p.  686).  The  magnetic 
oxide  of  iron  Fe  (Fe()j)j  belongs  to  the  regular  sjstem,  like  the  spinelles. 
Manganic  oxide  llnj(.),  is  brownish-black,  and  is  formed  by  heating  any 
of  the  oxides  in  oxygen.  In  dilute  acids  it  behaves  as  if  it  were  a 
manganite  of  manganese  Mn.MnO,,  for  it  gives  a  mangan"ous  salt  and 
niangaiiese  dioxide.  Yet  compounds  of  trivalent  manganese  are  known, 
and  this  may  be  one. 
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ManganeBe  diojdde  MnO^  is  lilack,  and  is  most  easily  prepared  in 
piue  condition  by  geutle  ipiition  of  mtinganous  nitrate.  The  hydrated 
forms  of  the  oxide  are  produced  by  reactions  like  those  just  mentioned, 
and  by  adding  a  hypochlorite  or  hypobromite  to  nianganous  hydroxide 
susjwnded  in  water.  Manganese  dioxide  is  not  a  peroxide  in  the  re- 
stricted sense  {rf.  p,  308).  It  is  used  for  manufacturing  chlorine, 
although  electrolytic  processes  are  now  driving  it  out  of  this  field.  In 
glasa-makmg  (y.r,),  it  is  employed  to  oxidize  the  green  ferrous  silicate, 
derived  from  imjiurities  in  the  sand,  to  the  pale-yellow  ferric  com- 
pound. The  amethyst  color  of  the  manganous  silicate  which  is  formed 
bends  to  neutralize  this  yellow.  The  dioxide  forms  the  depolarizer  in 
the  Lcrlanclie  cell  (p.  673). 

Manganese  trioxlde  is  a  red,  unstable  powder.  MaufaiteBe  hept- 
oxide  is  a  brownish-green  oil  (see  below). 

When  any  of  thcHe  oxides  is  heated  with  an  acid,  a  raauganoua  salt 
is  obtained.  Salts  of  this  class  are,  in  fact,  the  only  stable  sntetanees 
in  which  manganese  is  combined  with  an  acid  radical.  In  this  action 
the  oxides  containing  more  oxygen  than  does  MnO  give  off  oxygen,  or 
oxidize  the  acid  {rf.  ]).  172).  When  the  oxides  are  heated  with  imnfs, 
ill  the  presence  of  air,  manganates  are  always  formed.  With  the 
oxides  containing  a  smaller  proportion  of  oxygen  than  MnO,  oxygen 
is  taken  from  the  air. 


Mangatioutt  ComptiuHtlm. — The  manganous  salts  are  formed  by 
the  action  of  acids  upon  the  carbonate  or  any  of  the  oxides.  Thus  the 
chloride  MuClj,  4H5O  is  obtained  in  pale-pink  crystals  frnm  a  solution 
made  by  treating  the  dioxide  with  hydrochloi'ic  acid  and  driving  off 
the  chlorine  bberateil  by  oxidation  (p.  171).  The  hydroxide  Mn(OH), 
is  formed  as  a  white  precipitate  when  a  soluble  base  is  added  to  a  solu- 
tion of  a  nuinganoiis  salt.  Tliis  body  passes  into  solution  when  ammo- 
nium salts  are  added,  and  cannot  l>e  precipitated  in  their  presence  on 
account  of  the  formation  of  molecular  ammonium  hydroxide  and  the 
suppression  of  hydroxidion  (rf.  magnesium  hydroxide,  p.  C44),  The 
hydroxide  quickly  darkens  when  exjiosed  to  tlie  air  atid  passes  over 
into  h^'drated  manganic  oxide  MuO(OH). 

Manganous  sulphate  gives  pink  crystals  of  a  hydrate.  Below  6° 
the  solution  dopo,sits  MnSO„7HjO,  which  is  a  vitriol  (p.  649),  Be- 
tween 7°  and  20°  the  product  is  MnSOjjSHjO,  asymmetric  and  isomor- 
phous  with  CuSO,,  SHjO.  Above  26°  monoBymmetric  prisms  of 
MnSOijiHjO  are  obtained.     These  hydrates  have  different  aqueous 
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tensions  and  may  he  formed  from  one  another  by  lowering  or  raisioj 
the  pressure  of  water  vapor  around  the  substance  (p.  1 22).  The  signi- 
ficance of  the  teraperatures  proper  to  the  crj-stallization  of  each  {••/.  I>P- 
673,  (iOS,  623)  itrtliat  a  given  solid  hydrate  can  be  formed  onl_j'  iu  a  solu- 
tion which  is  saturated  with  respect  to  that  liydrate  and  has  the  Baiue 
aqueous  tension  as  the  hydrate.  These  cijiitlitions  are  necessary  to  liai 
state  of  efpiilibrium  lietween  the  solution  and  the  hydrate  on  which  Uie 
co-exi8t.*inee  of  solution  and  hydrate  during  crystallization  depends  <<■/. 
p,  IfiOj,  Hence  the  hydrates  with  the  larger  proportions  of  water,  ajul 
the  higher  aqueous  tensions,  are  formed  in  the  colder  solutions  wrtuch 
contain  less  c  f  the  solute  when  saturated  and  have  therefore  at  a  gives 
temperature  themselves  relatively  high  aqueous  tensions. 

The  presence  of  a  foreign  dissolved  body,  since  it  will  lower  the 
vapor  tension  of  the  solution,  may  similarly  cause  the  formation  of  a 
lower  hydrate.  Thus,  at  the  ordinary  tem{>erature,  (.'alcium  suljihate  solq- 
tiou  has  a  higher  iwjueous  tension  than  gypsum,  and  therefore  gypstuu 
is  deposited  frosn  it,  and  anhydrite  will  turn  into  gyjisum  if  placet!  in  A 
Hut  ealcium  sulphate  solution  containing  much  of  the  cldorides  of 
sodium  and  magnesium  h.os  a  lower  aipieous  tension  than  gvpsum,  and 
so  anhydrite  is  dcpositt^d,  and  gypsum  in  contact  with  sueli  a  sohition 
would  lose  its  wat«r  of  hydration.  This  explains  the  deposition  of 
anhydrite  in  tht^  salt  hiycr.s  (rf.  p,  C0.3). 

Manganous  carbonate  MnCO,  is  a  white  powder  formed  by  pi»- 
eipitation.  The  sulphide  MnS  is  obtained  iis  a  green  powder  by  lead* 
iug  hydrogen  sulphi<le  over  any  of  the  oxides.  A  flesli-colored, 
hydrated  form  MnS,  H^O  is  more  familiar  and  is  precipitated  by  a0»- 
monium  sulphide  from  manganous  salts.  It  interacts  with  mineral 
acids  and  even  with  aeetic  acid,  so  that  it  cannot  be  precipitated  liy 
hydrogen  sulphide  (rf.  p.  651). 

The  nmngauoua  salts  of  weak  acids,  such  as  the  carbonate  juul 
sulphide,  darken  when  exposed  to  air  and  are  oxidized,  with  formation 
of  hydrated  manganic  oxide.  As  we  have  seen,  manganous  hydroxide 
is  similarly  oxidized  and  these  salts  are  precisely  the  ones  wliich 
should  furnish  the  hydroxide  by  hydrolysis.  White  there  is  a  general 
resemblance  between  the  manganous  anlta  and  the  stannous,  chrttmous, 
and  ferrous  salts,  the  manganous  salts  of  active  acids  are  not  oxidized 
by  the  air  as  are  the  corresponding  salts  of  the  other  three  metalB. 


Mnnfffftiie  Compotinds.  —  The  base  of  this  set  of  compounds, 
manganlQ  brdrozlde   Mu  (OH),,  Is  slowly  deposited  by  the  action  of 


iba  air  on  an  ammoniacal  solutioa  of  a  manganous  salt  in  salts  of 
anunoniiim.  The  chloride  MnCl,  is  present  iii  tlie  liquid  obtained  by 
the  action  of  hydrochloric  acid  upou  luanganese  dioxide  (ef.  p,  171),  but 
loses  chlorine  very  readily  and  cannot  be  isolated.  Doiible  salts  such  as 
AInCl„2KCl  and  MnF,,  2KF,2HjO  are  known.  Mangaolo  sulphate 
Mnj(SO,)j  is  deposited  as  a  violet-i-ed  powder  when  hydrated  man- 
ganese dioxide  is  heated  vnth  concentrated  sulphuric  atnd  at  160°. 
It  is  deliquescent  and  is  rapidly  hydrolyzed  in  the  cold  even  by  a 
little  water,  giving  the  brownish-black  hydroxide : 

Mn,(SO,),  +  6H,0  ~*  2Mn(0H),  -|-  SH^SO,. 

The  caeslum-matiKaiiic  alum  Cs^SO^,  Mn,(SO,)^  24HjO  seems  to  be  the 
most  stable  derivative. 

MangaMtea. — Although  manganese  dioxide  interacts  when  fused 
with  potassium  hydroxide,  simple  salts  derived  from  HjMnO,  (=  HjO, 
MnO.)  or  H^MnOj  ( =  2H,0,  MnOj)  are  not  formed.  The  proiluets  are 
complex,  as  K^Mn^Oi,.  Some  less  complex  manganites  are  formed  in 
the  Weldon  process  for  utilizing  the  manganous  cliloride  obtained  in 
manufacturing  chlorine.  The  liquor  is  mixed  with  slaked  lime,  aud 
air  is  blown  through  the  mass  of  calcium  and  manganous  hydroxides 
which  is  thus  obtained.  Black  manganit-cs  of  calcium,  such  as 
CaMnO,(=  CaO,MnOj)  and    CaMnj05(CaO,2MnO,)   ai-e  thus    formed  -. 

Ca(OH),  +  2Mn(0H),  +  O,  -» CaMn,Os  +  SH^O, 

and  when  afterwards  treated  with  hydrochloric  acid  they  behave  Uke 
mixtures  of  manganese  dioxide  and  calcium  oxide.  As  we  have  seen 
(p.  738),  the  oxides  MujO,  and  Mn,0,  may  be  manganites  of  manga- 
nese. 


Manffatintes.  —  When  one  of  the  oxides  of  manganese  is  fused 
with  potassium  carbonate  and  potassium  nitrate  a  green  mass  js 
obtained.  The  green  aqueous  extract  deposits  potassium  manganate 
KjMnO,  in  rhombic  crj'stals,  which  are  iaomorphous  with  those  of  potas- 
sium sulphate,  and  are  almost  black : 

KjCO,  +  MnO,  +  0  ^  K,MnO,  +  CO^ 

The  acid  H^nO,,  itself  unknown,  must  be  weak,  for  the  potassium 
salt  is  easily  hydrolyzed.  The  salt  remains  _  unchanged  in  solution 
only  in  presence  of  free  alkali,  the  hydroxidion  of  the  alkali  combin- 
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ing  with  and  suppressing  the  hydrion  of  the  water  whose  combination 
with  the  MnO^"  ion  constitutes  the  hydrolysis.  When  the  concentra- 
tion of  the  liydroxidioti  is  reduced  hy  dilution,  or,  better  stiU,  when  s 
weak  acid  such  as  carbonic  acid  or  acetic  acid  ia  used  to  neutralixe  it, 
the  salt  is  hydrolyzed,  according  to  the  partial  equation  : 

K^MnO^  +  2H,0  -+  3K0H  {+  R,MdOJ.  (1) 

The  free  a«id  immediately  changes  so  that  a  part  is  oxidized  to  pe> 
manganic  acid,  giving  a  purple-red  color  to  the  aohition,  and  a  part  i» 
reduced  to  manganese  dioxide,  giving  a  black  precipitate.  The  tran»- 
formation  is  siinilai'  to  that  of  chloric  acid  (p.  275).  The  equation 
may  be  made  by  noting  that  manganic  acid  has  the  composition  H,0, 
MnO,  and  changes  so  as  to  j-ield  HjO,MnjO,  and  MnOy  Thus  eai^h 
molecule  of  HjMnO^,  in  forming  a  molecule  of  jMud^,  yields  one  unit 
of  oxygen,  while  2(HjO,MoO,)  +  O  ar«  required  to  give  HjO,Mn,0.  + 
H,0: 

3(H,0,MnO,)  -►  H,0,  Mn^O,  +  MnO,  +  2H,0 

or  (3HjMnO,)  -»  2HMnO,  +  MnO,  +  2a,0.  (2) 

In  consequence  of  the  presence  of  potassium  hydroxide  (eqaation  (1)) 

the  product  ia  potassium  permanganate : 

2K0H  +  2minO,  ~*  2KMnO.  +  2H,0.  (3) 

Multiplying  equation  (1)  by  3,  omitting  the  manganic  acid,  and  add- 
ing the  three  partial  equations,  we  have  the  equation  for  the  action  as 
it  really  oceuis  : 

3K,MnO\  +  2H,0  -*  4K0H  +  2KMn0,  +  MnO^ 

In  terms  of  the  iona  the  equation  is  simpler  : 

SMnO/'  +  2H*  -^  20H'  +  2MnO/  +  MnO,. 

The  alkaline   solution  of  potassium  manganate  interacts  readily 

with  oxidizable  substances.  Thus  oxalic  acid  is  converted  into  car- 
bonic acid,  and  alcohol  into  acetic  acid.  The  details  of  the  change 
depend  upon  the  amount  of  free  alkali  present  and  the  nature  of  the 
product  of  oxidation.  Lower  oxides  of  manganese  such  as  MnO,  an 
usually  precipitated. 

Pertnatiffanates.  -;- Potassium  permanganata  KMnO,  19  mado  by 

hydrolysis  of  the  manganate  as  shown  above,  and  ia  obtained,  in  purple 
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crystals  with  a.  greeni&h  luster,  by  evaporation  of  the  solution.  The 
crystals  are  rhombic  prisms,  isomorphoos  with  potass  ium  percblorate. 
To  avoid  the  loss  of  manganese  thrown  down  as  dioxide,  the  action  is 
cai-ried  out  eommercially  by  passing  o^one  through  the  solution  of  the 
mangauate : 

2K,MnO(  +  0,  +  H^O  -^  2KMnO,  +  0,  +  2K0H. 

Sodium  permanganate  is  made  in  a  similar  manner.  It  is  not  obtain- 
able in  solid  form,  but  its  solution  is  known  as  "  Condy's  disinfecting 
fluid."  This  liquid  owes  its  properties  to  the  oxidizing  power  of  the 
salt.  Permanganic  acid  is  a  very  active  acid,  that  is,  it  is  highly  ion- 
ized in  aqueous  solution.  A  solid  hydrate  of  the  acid  may  be  secured 
in  reddiah-brown  crystals  by  adding  sulphuric  acid  to  a  solution  of 
barium  permanganate  and  allowing  the  filtrate  to  evaporate ; 

Ba(MnO,)j  -|-  H,SO,  -|-  xUfi  ^  BaSOJ  -f-  2HMnO^,»H,0. 

This  hydrate  decomposes,  on  being  warmed  to  32",  and  yields  oxygen 
and  manganese  dioxide.  Wlieu  a  very  little  dry,  powdered  potassium 
permanganate  is  moistened  with  concentrated  sulphuric  acid,  brownish- 
green,  oily  drops  of  permanganic!  antydrlde  (manganese  heptoxide) 
MujOj  are  formed.  This  compound  is  volatile,  giving  a  violet 
vapor,  and  is  apt  to  decompose  explosively  into  oxygen  and  manganese 
dioxide.  Its  oxidizing  power  is  such  that  combustibles  like  paper, 
ether,  and  illuminating-gas  are  set  on  fire  by  contact  with  it. 

Potassium  permanganate  is  much  used  for  ozldatlonB.  The  actions 
are  different  according  as  the  substance  is  employed  (1)  in  alkaline, 
(2)  in  acid,  or  (3)  in  neutral  solution. 

1.  When  an  alkali,  such  as  potassium  hydroxide,  is  added,  the 
action  by  which  the  permanganate  is  formed  is  reveEsed,  and  the  solu- 
tion becomes  green  from  the  production  of  the  mangauate : 

4KMnO^  +  4K0H  -K  4K,MnO,  +  2H,0  +  0„ 
or  4MnO/  -f  40H'  -►  4MnO/'  +  2Ufi  +  0^ 

When  a  substance  capable  of  being  oxidized  is  present,  the  reduction 
pro<?eeds  further  and  manganese  dioxide  is  precipitated.  Schemati- 
cally ;  Mn,0^  — >  2MnOj  +  30,  so  that  two  molecules  of  the  perman- 
ganate, in  alkaline  solution,  can  furnish  three  chejnical  units  of 
oxygen  to  the  oiidizable  Iwdy. 
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2.   With  an  acid,  the  amouut  of  oxygen  availabie  is  greater,  for  the 
manganous  salt  of  the  acid  is  formed  : 

Mti,Oj  -»  2MiiO  +  60- 


Thus,  when  sulphuric  acid  is  added  to  potaasium  permangaoate  sola- 
tion,  and  sulphur  dioxide  is  led  through  the  mistuie,  we  have : 


H 


2KMnO,  +  3HjS0,  - 
(50)  +  5Il,SO,. 


KjSO,  +  2MnS0^  +  3H,0(  +  50)   (1) 
.  5H5SO,  (2) 


2KMnO^  +  3H,SOj+6H,SO,->  KjSO,  +  SMuSO,  +  3H,0  +6H,S0, 

In  this  case,  since  sulphuric  acid  is  a  product,  the  prelim inary  addi- 
tion of  the  acid  was  superfluous.  In  other  cases,  the  partial  equation 
(1),  showing  the  available  50,  remains  the  same,  while  the  other  par- 
tial equation  varies  with  the  substance  being  oxidized.  Thus,  witli 
hydrogen  sulphide  as  reducing  agent,  we  have : 


(O)  +  H,S  -t  H,0  +  S     X  5 

and  with  ferrous  sulphate,  we  get  ferric  sulphate  ; 


(2'} 


2FeS0j  +  H,SO,C  +  0)  -♦  Fe,{SO,),  +  H,0     x  5         (2") 

As  before  (2')  and  (2")  must  be  multipUed  throughout  by  five,  before 
aunimatiou  is  maile.  Since  the  permangtuiate  is  deep-purple  in  color, 
while  the  manganous  salt  is  almost  colorless,  this  sort  of  action  can  be 
used  without  an  indicator  for  quantitative  experiments.  The  Stan- 
daiil  solution  of  the  permanganate  is  added  from  a  biu'ette  until  the 
purple  color  ceases  to  disapjiear ;  and  the  amount  used  enaiiles  us  to 
calculate  the  quantity  of  ferrous  salt,  oxahc  acid,  nitrous  acid,  or  other 
oxidizable  substance,  which  waa  present.  The  last  named  substa&oe 
is  oxidized  to  nitric  acid. 

3.    \\'heu  dry  potassium  permanganate  is  heated,  it  decomposes 
as  follows : 

2KMnO«  -.  KjMnOj  +  MnO,  +  0^ 

The  neutral  solution  resembles  tliat  of  potassium  dichromate  in  oxi- 
dizing substances  which  are  reducing  agents,  but  is  more  actir^. 
Thus  when  the  powdered  salt  is  moistened  with  glycerine,  the  mass 
presently  bursts  into  flame.  The  fingers  are  stained  brown,  receiviug 
a  deposit  of  manganese  dioxide,  in  consequence  of  the  reducing  power 
of  the  unstable  organic  subatAnees  in  the  skin.  The  destiuctioD 
of  minute  organisms  by  Condy's  fluid  results  from  a  similar  action. 
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Analytical  BeacHona  of  Manganese  Compounds.  —  The  ions 
commonly  encountered  are  dimanganion  Mn  *,  which  is  very  pale-pink 
in  color,  permangananion  MnO/,  which  is  purple,  and  mangananion 
MnO/',  which  is  green. 

The  manganous  compounds  give  with  ammonium  sulphide  the 
flesh-colored,  hydrated  sulphide  which  is  soluble  in  acids.  Bases  give 
the  white  hydroxide,  which  darkens  by  oxidation,  and  is  soluble  in 
salts  of  ammonium.  The  black,  hydrated  dioxide  is  precipitated  by 
hypochlorites. 

All  compounds  of  manganese  confer  upon  the  borax  bead  an  ame- 
thyst color  which,  in  the  reducing  flame,  disappears.  A  bead  of 
sodium  carbonate  and  niter  becomes  green  on  account  of  the  formation 
of  the  manganate. 

Exercises.  —  1.  Consider  the  valence  of  manganese  in  the  oxides 
MUjO,  and  MnjO„  on  the  theory  that  they  are  manganites. 

2.  What  do  we  mean  by  saying  that  (o)  chromous  chloride  is  stable 
(p.  119),  but  easily  oxidized  by  the  air,  (A)  permanganic  acid  is  an 
active  acid,  (c)  permanganic  acid  is  an  active  oxidizing  agent  in  pres- 
ence of  an  acid  ? 

3.  Formulate  the  oxidations  of  oxalic  acid  and  of  nitrous  acid  by 
potassium  permanganate  in  acid  solution. 


CHAPTER  XLIV 

IRON,  COBAUT,  HICKBL 

The  elements  ii^jn  (Fe,  at.  wt.  65.9),  cobalt  (Co,  at  wt  69),  and 
nickel  (Ni,  at.  vrt.  58.7)  are  not  corresponding  members  of  successive 
periods,  like  the  families  hitherto  considered.  They  are  neighboring 
members  of  the  first  long  period,  lying  between  its  first  and  second 
octaves  (p.  408),  and  form  a  transition  group  between  the  adjoining 
elements  within  those  octaves.  Thus,  iron  fonns  ferrates  M,'Fe"0, 
and  ferric  salts  Fe"'Cl„  as  well  as  ferrous  salts  Fe"Cl,  These 
resemble  the  chromates  and  manganates,  the  chromic  and  manganic 
salts,  and  the  chromous  and  manganous  salts,  respectively.  Cobalt 
forms  cobaltio  and  cobaltous  salts,  like  COj"'(S04),  and  Co"Cl,.  Nickel 
enters  only  into  nickelous  salts,  like  NiCl,,  and  thus  links  iron  and 
cobalt  with  copper  and  zinc  which  are  both  bivalent  elements.  The 
free  metals  of  this  family  are  magnetic,  iron  showing  this  property 
strongly  and  cobalt  very  distinctly. 

Iron. 

Chemical  Relations  of  the  Element.  —  The  oxides  and  hydrox- 
ides FeO  and  Fe(OII)j,  FcjO,  and  Fe(()ll)j  are  basic,  the  former  more 
strongly  so  than  the  latter.  The  ferrous  salts,  derived  from  Fe(OH)„ 
resemble  those  of  the  magnesium  group  and  those  of  Cr"  and  Mn**  and 
are  little  hydrolyzed.  The  ferric  salts,  derived  from  Fe(OH)„  n*- 
semble  those  of  Cr***  and  Al**'  and  are  hydrolyzed  to  a  considerabif 
extent.  Ferric  hydroxide  is  even  less  acidic,  however,  than  is  chromii- 
hydroxide.  Iron  gives  also  a  few  ferrates  KoFeO^,  CaFeO^,  etc.,  de- 
rived from  an  acid  lUFeO^  wliioh,  like  manganic  acid  Il^InO^  (p.  741'), 
is  too  unstable  to  be  isolated.  ( "omplex  anions  containing  this  element, 
such  as  the  anion  of  K(.Fe(CX)„  are  familiar,  but  complex  cations 
containing  amiuoiiia  are  unknown. 

The  ferrous  salts  differ  from  most  of  the  manganous  salts  and  re- 
semble tlie  chromous  and  stiinnous  salts  in  being  easily  (although  not 
quite  so  easily)  oxidized  by  the  air.  They  pass  into  the  ferric 
condition. 
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'.  —  Free  iron  is  fonnd  in  minute  jwrtioles  in  some 
bawHW)  6i^  tnanr  meteoritea  am  conposed  of  it.  Meteioric  iron  c&it 
be  distjngmsfaed  from  speotiiieiis  of  tematrial  origin  by  the  tuet  tliat 
it  contains  3-8  per  cent  of  nickel.  The  chief  ores  of  iron  are  tbs 
oxides,  hzematite  Fe^O,  and  magnetite  Fe,0<,  and  the  carbonate  FeCC^ 
siderite.  The  firat  is  reddish  and  coliuunar  in  structnr? ;  but  black, 
shining,  rhombohedral  crvstals,  known  as  sjieeularite,  are  also  found. 
Hjdrated  forms,  like  brown  iron  ore  SFe^O^  SH5O,  are  also  conunon. 
Siderite  is  pale-brown  in  color  and  rhomliohedral,  isomornhous  with 
calcite.  When  mixed  with  clay  it  forms  iron-stone  and,  with  20-25 
per  cent  of  coal  in  addition,  black-band.  Pyrite  FeS,  eonsista  of 
golden-yellow,  shining  cubes  or  pentagonal  dodecahedra.  It  is  used^ 
on  account  of  its  sulphur,  in  the  manufacture  of  sulphuric  add,  but, 
from  the  usidized  residue,  iron  of  sutheicnt  purity  is  obtained  with 
difficulty.  Compounds  of  iron  are  con- 
tained in  chlorophyl  and  in  the  blood 
(haemoglobin),  and  doubtless  play  an 
important  part  in  connection  with  tbe 
vital  functions  of  these  substanc'es.  By 
interaction  with  organic  comiMunds  of 
iron  present  in  the  tissues,  ammonium 
■ulphide  blackens  the  skin,  ferrous  sul- 
phide being  formed. 

Met4illurgif.  —  Tlie  ores  of  iron  are 
usually  first  roasted  in  order  to  deoom- 
pose  carbonates  and  oxidize  sulphides. 
They  are  then  reduced  with  coke.  Ores 
containing  lime  or  magnesia  are  mixed 
with  an  acid  flux,  such  as  sand  or  clay- 
slate,  in  ortler  that  a  fusible  slag  may 
be  formed.  Conversely,  ores  containing 
silica  and  clay  are  mixed  %vith  limu- 
stone.  With  prn|)er  adjustment  of  the 
ingredients  the  process  can  Iw  carried 
on  rontinttouslif  in  a  blast  furuace  (Fig. 
106).      The  solid   materials  thrown   in 

at  the  top  are  converted,  as  they  slowly  descend,  comph^tt'ly  into 
gases  which  esca^te  and  liquids  (iron  ami  shig)  wliiclr  arc  tapped 
off  at  the  bottom.     Heated  air  is  blown  in  at  the  Iwttom  through 
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tuyeres,  and  the  top  is  closed  bj  a  bell  which  descends  for  a  moment 
when  an  addition  is  made  to  tlie  charge.  The  gases,  which  contajn 
much  earljoii  monoxide,  are  led  off  and  used  to  heat  the  blast  or  to 
drive  gas-engines. 

The  main  action  takes  place  V»etween  the  carbon  monoxi<le,  present 
in  consequence  of  the  excess  of  carbon,  and  the  oxide  of  iron: 

Fe,0,  +  4CO  pi  3Fe  +  4C0,. 

Since  the  action  is  a  reversible  one,  a  large  excess  of  carbon  monoxide 
is  required.  Different  smelters  use  differejit  proportions,  the  ratio  of 
the  amount  actually  used  to  that  supplied  vai->'ing  from  1 :  2  to  1  :  15l 
The  actual  ratio  by  volume  of  carbon  dioxide  to  carbon  monoxide 
required  for  equilibrium  with  the  two  solids  ia,  61 : 3d  at  650",  and 
7  :  93  at  800°. 

In  the  upiicr  part  of  the  furnace,  the  beat  (^00°)  loosens  the  texture 
of  the  ore.  Further  down,  the  t«mperatQre  is  higher  (500-900°), 
and  the  carbon  monoxide  reduces  the  oxide  nf  iron  to  particles  of  soft 
iron.  A  temperature  hif^h  enough  to  melt  pure  iron  ia  barely  reached 
anywhere  in  the  furnace,  but,  a  little  lower  down,  by  unioD  with  car 
the  more  fusible  cast  iron  (1^00°)  is  formed  and  falls  in  drops  to 
>)ottom.  It  is  in  thia  region  also  that  the  slag  ia  prmluced.  If  the  flux 
had  liegun  sooner  to  interact  with  the  unreduced  ore,  iron  would  have 
Iwen  lost  by  the  formation  of  the  silicate.  The  iron  collects  below 
the  slag,  and  the  latter  flows  cotitinuou.ily  from  a  small  hole.  Tlie 
former  is  tapped  olf  at  intervals  of  six  hours  or  so  from  a  lower 
opening. 

Cast  Iron  ant!  U  rouf/ttt  Iron.  —  I'ure  iron  is  not  manufaetur 
and  indeed  would  be  too  suit  for  most  purfioses.  Piano-wire,  howen 
ia  about  99.7  per  cent  pure.  Tiie  product  oVrtained  from  the  blast 
nac-e  contains  about  90  per  cent  of  iron  along  with  3-4.6  per  cent  of  vi 
ton,  often  nearly  aa  much  silicon,  varj'ing  proportions  of  nianganf 
and  some  phosphorus  and  sulphur.  The  last  four  ingrcdienls  are 
erated  from  combination  with  oxygen  by  the  carlxm  in  the  hottest  | 
of  the  furnace  and  combine  or  alloy  themselves  with  the  iron.  Cast 
iron  does  not  soften  before  melting,  as  does  the  purer  wrought  iron,  but 
melts  sharply  at  1150-1250°  according  to  the  amount  of  foreign  material 
it  contains.  When  suddmhj  cooled  it  gives  white  oast  iron  which  is 
Tery  brittle  and  looks  homogeneous  to  the  eye,  all  the  carbon  beii 
present  in  the  form  of  carbide  of  iron  Fe,C   in  solid  solution  in 
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By  slower  ooolinR,  ti«M«  is  prrmitti^l  fur  tW  npjuiintii^n  or  pnvt 
d»  carboQ  as  grapliiu>  and  for  ot.h»*r  cUnuifCK  ^Rp«■^  Ik>1iiw\,  tmij  ptiy 

caat  iroD  results.     SpUfel  iron  in  fAnt  inm  tnn<l«  fvitin  >)ii>»  nMttAiititix 

5-20  per  cent  of  niaugaiu'.ti<  aii<]  tli(«  ii*iinl  |*ri*|»«i-l  ion  nf  ii«iUiti.     r»tt<v 

manganeBe  contAias  20 -80  jht  tHUil  of  1,li(r  unini'  rli'ilinut. 

Wrought  txon  ia  inail<>  by  lii>iiLiii({  ll)t>   hmki'n   "  jiIk"  "  <'f  I'wt  ittjii 

upon  a  layer  of  material  «nitjiiniti){  iixido  of    iron   m»\  lvnMUiiPi-«!tt(| 

(basio  silicate  of  iron)  Hjireail  oo  tlio  ImhI  of  ii  ii'vprlteiiiiorj-    hinmi-P. 

The  carbon,  silioon,  and  i>husplioriiH  notiiliiho  wllli  ili^  oii;ir^ri  of  th« 

oxide,  and  the  liuit  two  poHH  into  lti(>  hIii^.     'I'lir  hu1|iIiiM'  tn  found  tn  thp 

slag  as  ferrous  sulphide.     On  m^'oiiiit.  ut  lUe   i>irt'i'vt>AcPiii'(>  dne  to 

the  escape  of  carlxin  nionoxido,  iIim 

process  is  called  "  pi({-lx>ilii'K-"     'i'l'<' 

iron  is  stirred  with  iron  rtxlM  ("pml- 

died")   and   BtitTena    im    it    iM-iHuiit'd 

purer,  until    fiiiallj'    it  can  Im  willi- 

drawn  in  balbt  ("  blfjoniM  ")  and  fr«"«l 

from  slag  under  the  ttteiini-haifiiiirt. 

It  now  goftena  Hufflcieiitly  for  weld 

ing  below  IQOCP  and  mt-dU  at  U'AHf 

or  higher,  ac<:^>rding   to   it*    |fnrit;. 

If  it  sttU  oontaiua  more  than  a  IrMcm 

ti  eombtaed  pbospbonu  it  ia  Mttli  wbcm  mM   (" mM  nlK/tt").     A 

little  soTfiving  >ai{>hkle   <A  iron   $u»k»   it  laiUlf  wti*ti  luA  ("ml- 

short '^  and  mamitat^  fur  forgtaag,      WN«gl(i  Iron  nlK/nld   <^ttAM'm 


H 


— Tin*  i»  «  wk^  <f  im»  afaNM* /mo  v 

«#  iirwiiiitfir  «fMl  otf  MMe  ><'  ■■•^ 

tJHUt  iWUii(fcl<>ligr  lav  ftyrftin.'  -v 

'»  aoe  r/yv  high. 
hmgtif  iff  ske  >n<wii>  pvdo«w.    Tlviv  i^<->'' 

it.  Tie  oaidtttfon  -^f  f-Jt«  manwod-M*".  t'ftWvM],  simotv, 
»  littls  of  Ch*  inoo  itjvwfl  oto  :.ifl....»nt!  hear,  trt  niiw  elM 
of  die  mass  above  the   m»<:  '    of  wi^wtht    iMifer 


<i< 


is  th«Ti  loi 


\\y  wUlUfii;  pttt^' 


k 


INORGANIC  CHEMISTRY 

cast  iron,  Spiegel  iron,  or  charcoal,  and  the  contents,  first  the  slag,  and 
then  the  molten  steel,  are  finally  jionred  into  molds  by  turning  the 
converter.  When  the  cast  iron  contains  much  phosphorus,  the  oxide 
of  this  element  is  reduced  again  by  the  iron  as  fast  as  it  is  formed  br 
the  blast.  In  such  cases  a  basic  lining  containing  lime  and  magDesia 
takes  the  place  of  the  sand  and  clay  lining  of  the  ordinary  Bessemer 
converter,  and  a  slag  containing  a  Ixaslu  phosphate  of  calcium  is  pro- 
duced. This  tuodiiication  constitutes  what  is  knovni  aa  the  Thomas- 
Gilelwist  procass.  The  slaj?  ("  Thoma.s-slag  ")  when  pulverized  form* 
a  vahiable  fcrtiliKef  (rf.  p.  (iOo). 

In  the  Siemena-Martiu,  or  open  beartb  process^  the  cast  iron  is 
melted  in  a  saucer-shaped  depression  lined  with  sand,  and  scraps  of 
iron  plate  (for  dilution)  and  haematite,  or  some  other  oxide  ore,  are 
then  added  in  proper  proportions.  The  materials  are  heated  with  gas 
fuel  for  8-10  hours  until  a  sample  shows,  under  the  hammer,  that  the 
proce^  is  complete.  The  product  is  then  drawn  off  through  a  hold 
and  (^st  in  molds. 

PropeHies  of  Steel-  —  When    stetd   is   heated   to    redness    and 

cooled  slowly,  it  is  comparatively  soft.  Sudden  chilling,  however,  ren- 
ders it  harder  than  glass.  By  subsequent,  cautious  heating  the  hardness 
may  lie  reduced  to  any  required  extent,  and  this  tivatmeiit  is  called 
"  tempering."  The  sufficiency  of  the  licating  is  judged  roughly  by  the 
interference  coloi'S  caused  by  the  thin  tiliu  of  oxide  which  foniis  on  tli** 
surface.  Thus  a  pale-yellow  color  (430-460°  F)  serves  for  terii[K'riii)j 
razors,  a  decided  yeHow  (470°)  for  pen-knives,  a  brown  (490-510°)  for 
shears,  a  purple  (520°)  for  table-knives,  a  blue  (630-570°)  for  watch- 
springs  and  sword-blades,  and  a  black-blue  (610°)  for  saws.  Except 
in  the  case  of  watch-springs,  these  films  are  afterwards  removed  by  the 
grinding. 

To  understand  this  behavior  it  must  be  noted  that  there  are  time 
states  of  solid  iron  resembling  the  rhorabic  and  raouoclinic  states  of 
sulphur  (rf.  p.  368).  The  form  stable  below  76i5°  is  known  as  a-forrite 
(wrought  iron).  It  is  magnetic  and  can  hold  little  carbide  of  iron  in 
solid  solution.  Above  765°  this  changes  into  /3-ferrito  which,  likewise, 
holds  little  of  the  carbide  in  solution,  but  is  not  magnetic.  At  890° 
this  changes  into  -y-ferrite,  a  non-magnetic  form  in  which  the  carbide  is 
soluble,  When  allowed  to  cool,  iron  assumes  these  forms  in  the  reTerse 
order.  If,  now,  a  fluid  solution  of  carbon  in  iron,  suitable  for  steel,  is 
guddenJif  chillfd,  a  great  part  of  the  cold  mass  is  a  supercooled  solid 
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solution  of  carbide  of  iron  in  -y-ferrite.  This  material  is  called  marten- 
site  and  is  very  hard  and  brittle.  It  is  less  stable  at  ordinary  tem- 
peratures than  is  o-ferrite,  but,  as  is  the  case  with  yellow  phosphorus 
(p.  369)  and  amorphous  sulphur  (p.  370),  the  low  temperature  having 
Once  .been  reached,  transformation  into  the  more  stable  form  is  there- 
after exceedingly  slow.    The  material  is  hard  steel. 

When  the  molten  steel  (solution  of  carbon  in  iron)  is  allowed  to 
cool  so  slowly  that  equilibrium  can  be  reached  at  every  step,  a  compli- 
cated series  of  changes  ensues.  First  the  mass  solidifies  (at  or  before 
1130°)  to  a  mixture  of  martensite  (y-ferrite  with  carbide  in  solid  solu- 
tion up  to  2  per  cent)  and  graphite.*  As  the  temperature  now  falls 
very  slowly,  more  graphite  separates  until,  at  1000°,  1.8  per  cent  re- 
mains in  solution.  From  this  point  the  dissolved  carbide  of  iron 
(cementite  Fe,C  containing  6.6  per  cent  of  carbon)  is  separated.  At 
670°  pure  Orferrite  also  begins  to  appear.  The  final  result  is  a  mechani- 
cal mixture  of  o-ferrite  (wrought  iron),  carbide  of  iron,  and,  if  the 
original  amount  of  carbon  was  sufSciently  large,  graphite.  These  com- 
ponents may  be  recognized  by  making  a  microscopic  study  of  a  polished 
surface,  and  their  formation  may  be  followed  by  chilling  the  specimen 
at  any  desired  stage.  The  soft  iron  which  predominates  in  the  product 
of  slow  cooling  makes  the  whole  soft.  Heating  to  a  high  temperature 
and  sudden  chilling  gives  the  homogeneous  solid  solution  of  the  carbide 
in  y-ferrite  once  more  and  restores  the  qualities  characteristic  of  steeL 
Moderated  reheating  (tempering)  of  the  chilled  mass  results  in  more 
or  less  partial  accomplishment  of  the  changes  proper  to  slow  cooling, 
and  consequently  in  a  more  or  less  close  approach  to  the  condition 
which  results  from  this. 

The  difference  between  the  effect  of  rapid  and  slow  cooling  of  cast 
iron  (p.  748)  can  now  be  made  clear.  Rapid  cooling  leads  to  the 
omission  of  the  intervening  steps  enumerated  above  and,  if  something 
like  5  or  6  per  cent  of  carbon  is  present,  the  material  turns  almost 
completely  into  the  carbide  (cementite).  This  is  white  cast  iron. 
With  slower  cooling,  much  graphite  separates,  and  the  product,  gray 
cast  iron,  contains  much  less  of  the  carbide  and  much  more  free  iron. 

The  various  changes  which  occur  in  cooling  steel  are  retarded  by 
the  presence  of  foreign  substances,  just  as,  with  sulphur  (p.  370), 
foreign  substances  delay  the  change  from  S^  to  Sx  and  permit  the 
supercooling  of  the  former  and  its  appearance  in  the  form  of  amorphous 

•  When  molten  cast  iron,  containing  S-4.6  per  cent  of  carbon,  is  cooled  in  this 
fashion,  the  amount  of  gn^hite  may  be  considerable. 
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sulphur.  Manganese,  nickel,  and  other  metals,  in  particalar,  gieatlj 
reduce  the  facility  with  which  y-ferrite  passes  into  fi-  and  cufenite  at 
890°  and  7(35°.  Thus  iron  with  12  per  cent  of  manganese,  when 
chilled  from  a  high  temperature,  contains  only  supercooled  y-ferrite 
and  is  non-magnetic.  It  lias  to  be  kept  for  hours  (instead  of  a  few 
minutes)  at  a  temperature  below  766°,  say  600-600°,  before  it  goes 
over  into  a-ferrite.  Manganese  is  thus  a  valuable  constituent  of  steel  be- 
cause, by  favoring  the  survival  of  the  y-ferrite  in  which  alone  the  carbon 
is  soluble,  it  permits  the  manufacture  of  a  homogeneous  steel  contain- 
ing an  unusually  large  proportion  of  dissolved  carbon,  and  allows 
slower  cooling  without  loss  of  temper. 

Pure  Iron.  —  The  pure  metal  may  be  made  by  reducing  the 
purified  oxalate  in  a  stream  of  hydrogen  or  by  Goldschmidt's  method 
(p.  540). 

Chemical  Properties.  — When  exposed  to  moist  air,  iron  receives 
a  loosely  adherent  coating  of  rust  (2Fe,0„Fe(0H),).  There  is  still 
uncertainty  as  to  how  the  product  is  foi-med.  It  may  result  from 
displacement  of  the  liydrogen  of  carbonic  acid,  the  oxygen  assisting 
(rf.  p.  024),  and  subsequent  hydrolysis  of  tlie  carbonate  and  oxidation 
of  the  ferrous  hydroxide.  The  fact  that  alkalies  prevent  rusting  favors 
this  view,  for  they  should  diminish  the  amount  of  hydrion.  According 
to  another  theory,  water  and  iron  are  simultaneously  oxidized : 

Fe  +  (\  +  11,0  -^  FeO  +  H,0, 

and  the  hydrogen  peroxide  immediatt^ly  combines  with  the  ferrous 
oxide : 

2FeO  +  HA  —  FeA(OH),.  (2) 

Tlie  presence  of  the  peroxide  cannot  he  demonstrated  in  this  case, 
l)erhaps  l)e(;ause  it  is  used  \i\)  very  rapidly.  In  the  rusting  of  zinc, 
however,  it  is  always  found  (cf.  also  p.  636). 

Iron  burns  in  oxygen  and  interacts  with  8Ui)erheated  steam,  giving 
KCjO^.  A  superficiul  layer  of  this  oxide  atlheres  firmly  and  protects 
the  iron  from  the  action  of  the  air  (Barff's  process  for  prevention  of 
rusting). 

Iron  displac(!s  liydrogen  easily  from  dilute  acids.  Steel  and  cast 
iron,  which  contain  iron,  its  carbide,  and  grajjhite,  give  with  cold  dilute 
acids  almost  pure  hydrogen,  and  the  carbide  and  graphite  remain  un- 
attacked.     More  concentrated  acids,  however,  particularly  when  warm, 


give  off,  along  with  hydrogen,  hydrdctirbons  formed  by  iiiterantion 
with  the  carbide  (p.  5-43).  The  odor  uf  the  gas  is  due  lu  coni- 
pwuiids  of  sulphur  and  phosphorua.  With  dilute  nittio  acid,  iron  gives 
ferrwua  nitrate  and  aninioniuni  nitrate  (>/".  tin,  p.  694)  and  with  the 
eoneentrated  nitric  acid  ferric  lutrate  and  oxides  of  nitrugen.  It  has 
little,  action  upon  alkalies. 

After  being  dipped  in  very  concentrated  nitric  acid,  iron  Ijecouies 
pasfiive  (rf.  chromium,  p.  723),  and  no  longer  displaces  hydrogen  and 
other  elements  lying  Iwlow  it  in  the  electromotive  series,  A  sharp 
blow,  hov^-ever,  produces  a  change  wliit^h  spreads  over  the  surface  from 
the  point  sti-uck,  and  the  uietid  Incomes  active  ouce  more. 

Fer'raug  Compounttn.  • — ^Ferrons  chloride  is  obtainetl  as  a  paJe- 
green  hydrate  FeCl,,  411,0  by  intei-action  of  hydrochloric  acid  with 
the  metal  or  the  carbonat*.  The  anhydrous  salt  sublimes  in  colorless 
crystals  when  hydrogen  chloride  is  led  over  the  heated  metal.  At  a 
high  temperature  the  vapor  of  ferrous  chhiride  has  a  density  correspond- 
ing to  the  simple  formula  FcClj,  but  at  lower  temperatures  there  is 
nmch  association  (p.  242)  and  the  formula  approaches  FcjCl,.  In 
solution  the  salt  is  oxidized  by  the  air  to  a  basic  ferric  chloride: 

4F6--  +  O,  +  2H^0  -*  4Fe"*  +  4011/ 

In  presence  of  excess  of  the  acid,  normal  ferric  chloride  is  formed. 
With  nitric  acid,  ferric  chloride  and  nitric  oxide  are  produced  (p.  442). 

Ferrous  hydroxide  Fe(OIl)3  is  thrown  down  as  a  white  precipitate, 
but  rapidly  becomes  dirty-gi'een  and  finally  liro^vn,  by  oxidation.  It 
dissolves  in  solutions  of  salts  of  auiiiionium,  Iwing,  like  magnesium 
hydroxide  (j>.  644),  sufficiently  solul)l6  in  water  to  require  an  appreci- 
able concentration  of  OH'  for  its  precipitation.  The  ammonium  salts 
convert  tins  into  molecular  ammonium  liydroxide.  Ferrous  oxide  FeO 
is  black,  and  is  formed  by  heating  ferrous  oxalate  in  alienee  of  air. 
It  may  l>e  made  also  by  cautious  reduction  of  fei'ric  oxide  by  hydrogen 
(at  alwut  300°),  but  is  easily  I'educed  fui-ther  to  the  metal. 

FerrouB  carbonate  is  t'mnid  in  nature,  and  uiay  l»e  made  in  slightly 
hydrolyzed  form  by  precipitation.  The  precipiUite  is  white  but  rapidly 
darkens  and  finally  becomes  brown,  the  ferrous  hydroxide  prtxluced  by 
hydrolysis  Iwing  oxidized  to  tli©  ferric  oonditinu.  The  salt  interacts 
with  water  containing  carbonic  acid  after  the  manner  of  calcium  car- 
bonate (p.  482),  and  hence  is  fotmd  in  solution  in  natural  (chalybeate) 
waters. 
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Ferrous  aulpbide  may  be  formed  as  a  black,  metallio-Iooking  maas 
by  heating  together  the  free  elements.  It  is  produced  by  precipita- 
tion with  ammonium  sulphide,  but  not  with  hydrogen  sulphide.  It 
interacts  readily  with  dilute  acids.  The  precipitated  form  is  slowly 
oxidized  to  ferrous  sulphate  by  the  air. 

Ferrous  sulphate  is  obtained  by  allowing  pyrites  to  oxidize  in  the 
air  and  leaching  the  residue : 

2FeS,  +  70,  +  2H,0  -*  2FeS0,  +  2H^0«. 

The  liquor  is  treated  with  scrap  iron  and  the  neutral  solution  evapo- 
rated until  a  hydrate  FeSO^,  7H,0,  green  vitriol,  or  "  copperas,"  is 
deposited.  This  substance  forms  green  crystals  belonging  to  the 
monosymmetric  system,  but  gives  also  mixed  crystals  in  which  it  is 
isomer phous  with  the  rhombic  vitriols  (<•/.  Magnesium  and  Zinc  sul- 
phates, p.  649).  The  crystals  are  efflorescent,  and  become  also  brown 
from  oxidation  to  a  basic  ferric  sulphate : 

4FeS0,  +  0,  +  2H,0  -►  4Fe(0H)S0«. 

With  excess  of  sulplmric  acid  and  air,  or  an  oxidizing  agent,  such  as 
nitric  acid,  ferric  sulphate  is  formed.  The  anhydrous  salt  forms  a 
molecular  compouud  with  nitric  oxide,  and  the  solution  becomes  browi 
when  this  gas  is  led  through  it,  an  unstable  complex  ion,  jierhajis 
FeNO**,  l»ing  produced  (<-/.  p.  443).  The  double  salts  of  the  form 
(NH,)jSO„FeSt\,6irjO  (Mohr's  salt)  are  not  efflorescent,  and  in  soli.l 
form  are  less  readily  oxidized  than  is  ferrous  sulphate.  The  feiTous  sul- 
phate is  used  in  dyeing  and  in  making  ink.  The  extract  of  nut-giiUs  con- 
tains tannic  acid,  IlC„H,Og,  which,  with  ferrous  sulphate,  gives  ferr<.tiis 
tannate.  This  salt  is  oxidized  by  the  air  to  the  ferric  condition,  and  the 
ferric  comjwund  is  a  line,  black  precipitate  which  can  be  suspended  in 
a  solution  of  gum-arabic.  The  resulting  material  is  ink.  The  black 
streaks  seen  below  nail-heads  in  oak  and  other  woods  are  due  to  the 
formation  of  ferrous  carbonate  and  its  interaction  with  the  tannic  acid 
in  the  wood. 

Ferrir  Contitonttds.  —  By  loading  chlorine  intx)  a  solution  of 
ferrous  chloride,  and  evaporating  until  the  proper  i)roportion  of  water 
alone  remains,  a  yellow,  delicpu'scent  hydrate  of  ferric  oUorlde,  FeCl,, 
eHjO  is  obtained.  When  this  is  heated  still  further,  hydrolysis  takes 
place  and  the  oxide  remains.  When  cldorine  is  passed  over  heated 
iron,  the  anliydroiis  salt  sublimes  in  dark  scales,  which  are  red  bv 
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transmitted  light.  At  a  high  temperature  the  formula  of  the  vapor  is 
FeCl„  but  at  lower  temperatures,  in  consequence  of  association,  the 
density  increases  and  the  formula  approaches  Fe,C],.  In  solution, 
the  salt,  like  other  ferric  salts,  can  be  reduced  to  the  ferrous  condition 
by  boiling  'with  iron : 

2Fe*"  +  Fe  -*  3Fe". 

The  same  reduction  is  effected  by  hydrogen  'sulphide  and  by  stannous 
chloride  (cf.  Mercuric  chloride,  p.  656) : 

2Fe*"+S"->2Fe"+Si. 
2Fe'"+  Sn**  -*  2Fe"+  Sn"". 

The  last  action  shows  that  ferrous  salts  are  less  active  reducing  agents 
than  are  the  stannous  salts.  The  ferric  ion  is  almost  colorless,  the 
yellow-brown  color  of  solutions  of  ferric  salts  being  due  to  the  pres- 
ence of  ferric  hydroxide  produced  by  hydrolysis.  The  color  deepens 
when  the  solution  is  heated,  and  fades  again  very  slowly,  by  reversal 
of  the  action,  when  the  cold  solution  is  allowed  to  stand.  On  the 
other  hand,  the  hydrolysis  may  be  reversed  and  the  color  may  be  almost 
destroyed,  particularly  in  the  case  of  the  nitrate,  when  excess  of  the 
acid  is  added  to  the  solution : 

Fe(NO,),  -h  3H,0  t?  Fe(OH),  +  3HN0,. 

Ferric  iodide  is  reduced  by  the  hydriodic  acid  produced  by  its  own 
hydrolysis,  and  hence  ferrous  iodide  does  not  unite  with  iodine  to  form 
this  compound.     The  case  is  similar  to  that  of  cvipric  iodide  (p.  621). 

Perrlc  hydroxide,  Fe(OH)„  appears  as  a  brown  precipitate  when  a 
base  is  added  to  a  ferric  salt.  It  does  not  interact  with  excess  of  the 
alkali.  In  this  form  the  substance  is  a  hydrogele  (p.  623)  and  dries  to 
the  oxide  without  giving  definite  intermediate  hydrated  oxides.  The 
hydrates,  Fe40,(0H),  (brown  iron  ore)  and  FejO(OH)4  (bog  iron  ore), 
however,  are  found  in  nature.  The  hydroxide  passes  easily  into  colloidal 
solution  in  a  solution  of  ferric  chloride,  and  by  subsequent  dialysis 
through  a  piece  of  parchment  (cf.  p.  623)  the  salt  can  be  separated,  and 
a  pure  aqueous  solution  of  the  hydroxide  obtained.  This  solution  is 
red  in  color,  shows  no  depression  in  the  freezing-point,  and  is  not  an 
electrolyte.  It  deposits  the  hydroxide  as  a  brown  precipitate  when 
ionogens  are  added  to  the  solution. 

Ferric  oxide,  FcjO,,  is  sold  as  "rouge"  and  "  Venetian  red."  It  is 
made  from  the  ferrous  sulphate  obtained  in  cleaning  iron  ware  which 
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is  to  be  tinned  or  galvanized,  and  in  other  ways  in  the  arts.  The  aak 
is  allowed  to  oxidize,  and  the  ferric  hydroxide,  thrown  down  by  the 
addition  of  lime,  is  calcined.  A  purer  form  is  produced  by  dry  distil- 
lation of  the  basic  ferric  sulphate,  an  operation  which  used  to  be  under- 
taken on  a  large  scale  for  making  Nordhausen  sulphuric  acid  (p.  388). 
This  oxide  is  not  distinctly  acidic,  but  by  fusion  with  more  basic  ox- 
ides, compounds  like  franklinite  Zn(FeO,),  may  be  formed.  It  is 
reduced  by  hydrogen,  at  about  300°  to  ferrous  oxide  (which  catches  fire 
spontaneously  in  the  air)  and  at  700-800O  to  metallic  iron. 

Magnetic  oxide  of  iron  Fefi^  or  lodestone  is  found  in  nature,  and 
is  formed  by  the  action  of  air  (hammer-scale),  steam,  or  carbon  dioxide 
on  iron.  It  forms  octahedral  crystals  like  the  spinelles  (p.  686),  and  is 
assumed  to  be  Fe(FeO^,. 

Ferric  sulphide  may  be  made  by  fusing  together  the  free  elements 
but  is  not  obtained  by  precipitation.  Soluble  sulphides  first  reduce  the 
ferric  salt  to  the  ferrous  conditions,  liberating  sulphur, 

Fe,(SO«),  -1-  (NH^S  ^  2FeS0,  +  (NH,),SO«  +  S, 

and  tlieu  give  ferrous  suljjhide  (p.  376). 

Ferric  sulphate  is  formed  by  oxidation  of  ferrous  sulphate,  and  is 
obtained  as  a  white  nuuss  by  evajjoration.  It  gives  alums,  such  as 
(NH4)jS(\,  Fe2(SO<)„241LO,  which  are  almost  colorless  when  pure,  but 
usually  have  a  pale  reddish-violet  tinge. 

Pyrite.  —  The  mineral  pyrite  FeS,  (Fools'  gold)  is  the  sulphide  of 
iron  wliicli  is  most  stable  in  the  air.  It  is  found  in  nature  in  the  form 
of  glittering,  golden-yellow  cubes,  octahedrons,  and  pentagonal  dodeca- 
hedrons. It  is  not  attacked  by  dilute  acids,  but  concentrated  hydro- 
chloric acid  slowly  converts  it  into  ferrous  chloride  and  sulphur.  It 
is  reduced  l)y  hydrogeu  to  ferrous  sulphide. 

CynHitles.  —  When  potassium  cyanide  is  added  to  solutions  of  fer- 
rous or  ferric  salts,  yellowish  precipitates  are  produced,  but  the  simple 
cyanides  cannot  Ixj  obtained  in  pure  form.  These  precipitates  interact 
with  e.Kcess  of  I  he  cyanide  giving  soluble  complex  cyanides  of  the  forms 
4K('X,  Fe(("N)„  and  ;{K(;X,  Fe(('X),  respectively.  These  are  called 
ferro-  and  f(!rri(;vani(le  of  jiotiissium,  respectively. 

Ferrocyanide  of  potassium,  •'  yellow  ])russiate  of  potash,"  is  made 
by  heating  nitrogenous  animal  refuse,  such  as  blood,  vdth  iron  filings 
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and  potassium  carbonate.  The  resulting  mass  contains  potassium 
cyanide  and  ferrous  sulphide,  and  when  it  is  treated  with  warm  water 
these  interact  and  produce  the  ferrocyanide  : 

2KCN  +  FeS  -^  Fe(CN),  +  K,S, 
4KCN  +  Fe(CN),  ^  K4.Fe(CN),. 

The  salt  is  made  also  from  the  cyanogen  contained  in  crude  illumi- 
nating-gas. It  forms  large,  yellow,  monosynimetric  tables  with  three 
molecules  of  water  of  hydration.  The  solution  contains  almost  ex- 
clusively the  ions  K*  and  Fe(CN),"",  and  gives  none  of  the  reactions 
of  the  ferrous  ion  Fe".  The  corresponding  acid  H<Fe(CN),  may  be 
obtained  as  white  crystalline  scales  by  addition  of  an  acid  and  of 
ether  (in  which  the  substance  is  less  soluble  than  in  water)  ;to  the  salt. 
The  acid  is  a  fairly  active  one  but  is  unstable  and  decomposes  in  a 
complex  manner.  Other  ferrocyanides  may  be  made  by  precipita- 
tion. That  of  copper  Cu,Fe(CN),  is  brown,  and  ferric  ferrocyanide 
Fe,[Fe(CN),],  has  a  brilliant  blue  color  ("Prussian  blue").  The 
ferrous  compound  Fe,Fe(CN)„  or  perhaps  K,FeFe(CN)„  is  white  but 
quickly  becomes  blue  by  oxidation.  The  ferrocyanides  are  not  poison- 
ous. 

Ferrloyanide  of  potassium.  This  salt  is  easily  made  from  the 
ferrocyanide  by  oxidation : 

2K«Fe(CN),  +  CI,  -*  2KC1  -|-  2K,Fe(CN)„'^ 
or  2Fe(CN),""  -h  CI,  -» 2Fe(CN),"'  +  2C1'. 

It  forms  red  monosymmetric  prisms.  The  free  acid  H,Fe(CN)4  is  un- 
stable. Other  salts  may  be  prepared  by  precipitation.  Ferrous  ferri- 
cyanide  re,[Fe(CN),]j  is  deep-blue  in  color  ("  TurnbuU's  blue  ").  With 
ferric  salts  only  a  brown  sqlution  is  obtained. 

Penlc  tbiocyanate  Fe(CNS),  is  formed  by  interaction  of  soluble 
thiocyanates  with  ferric  salts  {cf.  p.  260).  It  is  deep-red  in  color  and 
gives  a  blood-red  solution  in  water.  Since  both  the  ions  are  colorless, 
the  solution  must  contain  chiefly  the  molecular  salt.  Its  formation 
furnishes  a  very  delicate  test  for  traces  of  feme  salts. 

Iron  Carbonylg.  —  When  caibon  monoxide  is  led  over  finely 
divided  iron  at  40-80°,  or  under  eight  atmospheres  pressure  at  the 
ordinary  temperature,  volatile  compounds  of  the  composition  Fe(CO),|, 
the  tetracarbonyl,  and  Fe(CO)j,  the  pentacaibonyl,  are  formed.     When 
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the  gaseous  mixture  is  heated  more  strongly,  the  compounds  deoom- 
pose  again,  and  iron  is  deposited.  Illuminating-gas  bnmeis  frequently 
receive  a  deposit  of  iron  from  this  cause. 

Ferrates.  —  A  red  solution  of  potassium  ferrate,  E^eO^,  is  ob- 
tained by  passing  chlorine  through  caustic  potash  in  which  ferric 
hydroxide  is  suspended.  The  salt  crystallizes  in  red,  rhombio  prisma, 
isomorphous  Airith  the  sulphate  and  chromate  of  potassium.  It  alters 
quickly  in  solution,  in  consequence  of  hydrolysis  and  subsequent  de- 
composition of  the  ferric  acid,  depositing  ferric  hydroxide  and  giving 
ofF  oxygen.  Barium,  strontium,  and  calcium  salts  are  formed  as  red 
precipitates  by  double  decomposition. 

AHalytlMil  Reactions  of  Compounds  of  Iron.  —  There  are  two 

ionic  forms  of  iron,  difemon  Fe**,  which  is  very  pale-green,  and  tri- 
ferrion  Fe*",  which  is  almost  colorless.  The  yellow  color  of  ferric 
salts  is  due  to  hydrolysis.  Ammonium  sulphide  forms,  with  both, 
black  ferrous  sulphide  which  is  soluble  in  dilute  acids.  The  hydrox- 
ides are  white  and  brown  respectively,  and  ferrous  carbonate  is  white. 
With  ferric  salts,  sohible  carboilates  yield  the  hydroxide.  With  ferro- 
cyanide  of  potassium,  ferrous  salts  give  a  white,  and  ferric  salts  a  blue, 
precii)itate.  With  ferricyanide  of  potassium  the  former  give  a  deep- 
blue  precipitate,  sind  the  latter  a  brown  solution.  Ferric  thiocyanate 
is  deejwed.  From  ferric  solutions  barium  carbonate  throws  down  fer- 
ric hydroxide.  When  sodium  acetate  is  added  in  excess  to  a  ferric 
salt,  a  red,  little  ionized,  V)ut  much  hydrolyzed,  acetate  is  formed. 
When  the  solution  is  boiled  the  hydrolysis  is  increased,  and  an  insol- 
uble, basic  ferric  acetate  is  thrown  down.  With  borax,  iron  com- 
pounds give  a  bead  which  is  green  in  the  reducing  flame,  and  colorless 
or,  with  much  iron,  yellow  or  even  brown  when  oxidized. 

Cobalt. 

The  Chemical  Relations  of  the  Element.  —  Cobalt  forms 
cobaltous  and  cobaltic  oxides  and  hydroxides  CoO  and  Co(OH)^  Co,0, 
and  Co(OH)„  respectively,  which  are  all  basic,  the  former  more  so 
than  the  latter.  The  cobaltous  salts  are  little  hydrolyzed,  but  the 
cobaltic  salts  are  completely  decomposed  by  water.  The  latter  also 
liberate  readily  one-third  of  the  negative  radical,  after  the  uuumer  of 
manganic  salts,  becoming  cobaltous.  Complex  cations  and  anions  con- 
taining cobalt  are  very  numerous  and  very  stable. 
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Oceurrerum* — Cobalt  ia  found  along  with  nickel  in  snialtitt?  CoAs, 
and  cohaltite  CoAsS.  The  pure  metsil  may  l>e  made  hy  Goldsi^hmidt's 
process,  or  by  reducing  the  oxalate,  or  an  oxide,  with  hydrogen. 


Phtl»ieal  anil  Cliemical  Properties.  -  The  metal  is  silver-white, 
with  a  faint  suggestion  of  pink.  It  is  k'ss  tough  than  iron,  and  has 
no  coaimercial  applications.  It  displaces  hydrogen  slowly  from  dilute 
acids,  but  interacts  readily  with  nitric  acid. 


CobaUmni  Campounrlti.^  The  cMoride  maybe  made  by  treating 

the  oxide  with  hydrochloric  acid.  It  forms  red  prisms  of  t'oCl^ 
6HjO,  and  when  jiartially  or  completely  dehydrated  becorjies  deep- 
blue.  Writing  made  with  a  diluted  solution  upon  paper  is  almost 
invisible,  but  Itecoraes  blue  when  warmed  and  afterwards  takes  up 
moisture  frtiju  the  air,  and  is  once  raiirt;  invisible  ("  sympathetic 
ink").  Most  colialtous  eom pounds  are  red  when  hydrated  or  in  solu- 
tion (Co")  and  blue  when  dehydrated.  The  blue  color  assumed  by  a 
strong  solution  of  eobaltous  chloride,  when  it  ia  warmed,  or  when 
hydrochloric  acid  is  added  to  it,  is  explained  by  some  chemists  as 
being  due  to  repression  of  the  ionization  of  the  salt,  and  by  others 
as  being  due  to  the  formation  of  the  complex  anion  of  the  salt 
Co**.C'oCli".  By  nddition  of  smlium  hydroxide  to  a  eobaltous  salt,  a 
blue  basic  salt  is  precipitated.  When  the  mixture  is  boiled,  the  red 
hydroxide,  Co(  0  H ),  is  formed .  This  becomes  brown  through  oxidation 
by  the  air.  It  interat^ts  with  ammonium  hydroxide,  giving  a  soluble 
ammonio-eobaltous  hydroxide  (f/.  p.  661),  which  is  quickly  oxidized 
by  the  air  to  an  aiiimonio-colsiltic  compound  (see  below).  It  dissolves 
also  in  salts  of  ammonium  as  magnesium  hydroxide  does  (p.  644). 
When  dehydrated  it  leaves  the  black  eobaltous  oxide.  CobaJtoua  sul- 
phate, CoSOj,  7H,0,  isomorphous  with  magnesium  sidjihate,  and  the 
nitrate,  Co{NO,)j,  6H,0,  are  familial'  salts.  The  black  oobaltou*  sul- 
phide, CoS,  is  precipitated  by  ammonium  sulphide  from  solutions  of 
all  salts,  and  even  by  hydrogen  sulphide  from  the  acetate,  or  a  solution 
containing  much  sodiiun  acetate  (<;/".  p.  650).  Once  it  has  been  formed, 
it  does  not  interact  even  with  dilute  hyditjchlorie  acid,  having  appar- 
ently changed  into  a  less  active  form.  A  sort  of  cobalt  glaBs,  made 
by  fusing  sand,  coljalt  oxide,  and  jiotassiura  nitrate,  forms,  when 
powdered,  a  blue  pigment  ("smalt")  used  in  chinarpainting  and  by 
artists. 


^ 


760  ,  INOBGANIC  CHEMI8TBT 

Cohaltic  Compounds.  —  By  addition  of  a  hypoohlorite  to  a  Boln- 
tion  of  a  cobaltous  salt,  oobaltlo  hydroxide  Co(OH)„  a  black  powder, 
is  precipitated.  Cautious  ignition  of  the  nitrate  gives  oobaltlo  axld«y 
Co,0,.  Stronger  ignition  gives  the  commercial  oxide,  which  is  a  cobalto- 
cobaltio  oxide  00,0^.  Cobaltic  oxide  dissolves  in  cold  hydrochloric 
acid,  but  the  solution  gives  off  chlorine  when  warmed.  By  placing 
cobaltous  sulphate  round  the  anode  of  an  electrolytic  cell,  crystals  of 
oobaltlo  snipbate,  Co,(SO«)„  have  been  made  and  cobaltic  alums  have 
also  been  prepared. 

Complex  Compounds.  —  Potassium  cyanide  precipitates  from 
cobaltous  salts  a  bro\vnish-white  cyanide  which  interacts  with  excess 
of  the  reagent,  giving  a  solution  of  potassium  cobaltocyanide  K,Co 
(CN),  {rf.  p.  756).  This  compound  is  easily  oxidized  by  chlorine,  or 
even  when  the  solution  is  boiled  in  the  air,  and  the  colorless  potassium 
cobalticyanide  is  formed : 

4K,Co(CN),  +  2H,0  +  0,  -♦  4K,.Co(CN),  +  4E0H. 

The  solution  gives  none  of  the  reactions  of  Co**',  and  with  acids  tie 
very  stable  cobaltieyanic  acid,  H3Co(CN)j,  is  liberated. 

When  aceti(!  acid  and  potassium  nitrite  are  added  to  a  cobaltous  salt 
the  latter  is  oxidized  by  the  nitrous  acid  (liberated  by  the  acetic  acidi 
and  a  white  complex  salt  K,.Co(NOj)„  wHjO  (=  Co(NO,)j,3KNO,), 
potassium  cobaltinitrite,  is  thrown  down. 

Cobaltic  salts  give  with  ammonia  complex  compo\inds  which  are 
many  and  various.  The  cations  often  contain  negative  groups,  and 
are  such  a.s  Co(Nll3V**,  Co(Nir,)5Cl"  and  Co(NH,),NCV.  Usually 
the  solutions  give  none  of  the  reactions  of  cobaltic  ions,  and  often  fail 
likewise  to  give  those  of  the  anion  of  the  original  salt. 

NiCKKI,. 

The  Chemical  Relations  of  tfie  Element. — Nickel  forms  nick- 
elous  and  niekelic  oxides  and  liydroxides  NiO  and  Ni(OH)„  Ni,0„  aud 
Ni(()H)j,  but  only  the  former  are  basic.  The  nickelous  salts  resemble 
the  cobaltous  and  ferrous  salts,  but  are  not  oxidizable  into  correspond- 
ing niekelic  comi)ounds.  Since  there  are  no  niekelic  salts,  there  are 
here  no  analogues  of  the  cobaltieyanides  or  the  cobaltinitrites.  The 
complex  nickelous  salts,  like  the  complex  cobaltous  salts,  and  niUike 
the  complex  cobaltic  salts,  are  unstable,  and  so  give  some  of  the 
reactions  of  Ni". 
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Occurrence,  —  Nickel  occuts  free  in  meteorites  and  in  niccolite 
NiAs  and  nieke!  glance  NiAsS,  It  is  now  maEufuetured  chiefly  irom 
gai'merite,  a  silicate  of  nickel  and  magnesium  found  iu  New  Caledonia. 

Prapertiea.  —  The  laeltAl  ia  white,  with  a  faint  tinge  of  yellow, 
is  very  hard,  and  takes  a  high  polish.  It  is  used  in  making  alloys, 
such  as  German  silver  (copper,  zinc,  nickel,  2:1:1)  and  the  "  nickel  " 
used  in  coinage  (copper,  nickel.  3 ;  1).  Nickel  plating  on  ii-on  is 
accomplished  exactly  like  silver  plating  (p.  632).  The  bath  contains  an 
amnion  iacal  solution  of  am  mouium-nickel  sulphate  (NH,)5S0„  NiSO,, 
6H/>,  and  a  plate  of  nickel  forma  the  anode. 

The  metal  rusts  very  slowly  in  moist  air.  It  displaces  hydrogen 
with  dilfieulty  from  dilute  acids  hut  interacts  with  nitric  acid. 

Compound*  of  Nickel,  —  The  cblorlde  NiCl^,  eHjO,  is  made  l^ 
treating  one  of  tlie  oxides  with  hydroclilonc  acid,  juid  is  green  in 
color  (when  anhydrous,  brown).  The  •ulphate,  NiSO^,  6H,0,  which 
'crystallizes  in  square  prismatic  forms  at  30-40°,  is  the  most  familiar 
salt.  The  heptahydrate  NiSO„  7H/J,  obtained  from  cold  solutions,  is 
isotnorphous  with  magnesium  sulphate.  Nlckelous  hydroxide.  Ni(OH)„ 
is  formed  as  an  apjile-green  precipitate,  and  wlien  lieiited  leaves  the 
green  nickelous  oiide,  NiO.  It  dissolves  in  ammonium  hydroxide, 
giving  a  complex  nif^kel-aroinonia  cation.  It  is  soluble  also  in  salts  of 
ammonium  {<■/.  p.  tifU),  By  eauttous  ignition  of  the  nitrate,  nlckelic 
oxide,  Ni^Oj,  is  formed  as  a  black  powder.  The  oxides  and  salts,  when 
heated  .strongly  in  oxygen  give  the  oxide  NijO,.  The  last  two  oxides 
liberate  chlorine  when  treated  with  hydrochloric  acid,  and  give  nickel- 
ouH  chloride.  Nickello  hydroxide,  Ni(OH)„  is  a  black  precipitate 
formed  when  a  hypochlorite  is  added  to  any  salt  of  nickel,  I7ick«Iou8 
sulphide  is  thrown  down  by  ammonium  sulphide,  and  Iwhavea  like 
cobaltons  snlphide  (p.  759).  It  forms  a  bro^vn  colloidal  solution  when 
excess  of  the  precipitiuit  is  used,  and  is  then  deposited  very  slowly. 

With  potassium  cyanide  and  a  salt  of  nickel  the  greenish  nickeloui 
cyanide,  Ni(CN)3, is  first  precipitated.  This  dissolves  in  excess  of  the 
reagent,  and  a  complex  salt  KjNi(CN)„  H,0(  =  21iCN,Ni(CN),)  may 
be  obtained  from  the  solution.  This  salt  is  of  different  composi- 
tion from  the  corresponding  compounds  of  cobalt  and  iron,  and  is  less 
stable.  Thus,  with  bleaching  powder,  it  gives  Ni(OH),  as  a  black 
precipitate.  When  the  solution  is  boiled  in  the  air  no  oxidation  to  a 
complex   nickel i cyanide  occurs,  and   indeed  no  such  salts  is  known. 
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This  fact  enables  the  chemist  to  separate  cobalt  and  nickel,  for  when 
the  mixed  cyanides  are  boiled  and  then  tr^ited  vith  bleaching  powder, 
the  cobaltfcyanide  is  unaffected.  With  potassiimi  nitrite  and  acetic 
acid  no  insoluble  compound  corresponding  to  that  given  by  cobalt  salts 
is  formed  by  salts  of  nickel.  The  only  known  compound  which  could 
be  formed,  4KN0„Ni(N0,)„  is  soluble.  This  action  also  is  used  for 
the  purpose  of  separation. 

When  finely  divided  nickel,  made  by  reducing  the  oxide  or  oxalate 
with  hydrogen  at  a  moderate  temperature,  is  exposed  to  a  stream  of 
cold  carbon  monoxide,  nlokel  oarbonyl  Ni(C0)4  is  formed.  This  is  a 
vapor  and  is  condensable  to  a  colorless  liquid  (b.-p.  43°  and  m.-p.  —25°). 
The  vapor  is  poisonous.  When  heated  to  160-180°  it  is  dissociated  and 
nickel  is  deposited.    Cobalt  forms  no  corresponding  compound. 

Analiftleal  Iieaetion»  of  Compoundg  of  Cobalt  atUt  mek^l. — 

The  cobalt  ion  Co**  is  pink,  and  the  nickelous  ion  Ni**  green.  The 
reactions  used  in  analysis  have  been  described  in  the  preceding  para- 
graphs. With  borax,  cobalt  compounds  give  a  blue  bead,  and  nickel' 
compounds  a  bead  which  is  brown  in  the  oxidizing  flame  and  cloudy, 
from  the  presence  of  gray,  metallic  nickel,  when  reduced. 

JSxerciseit.  —  1.  What  would  Iw  the  interactions  of  calcium  car- 
bonate when  fused  with  sand  and  witli  clay,  respectively  ? 

2.  Make  equations  representing  («)  the  oxidation  of  ferrous 
chloride  by  air,  (ft)  the  hydrolysis  of  ferrous  carbonate  and  the  oxida- 
tion of  ferrous  hydroxide,  ('•)  the  oxidation  of  ferrous  sulphate  with 
excess  of  sulphuric  acid  by  hypwhlorous  acid,  (rf)  the  formation  oi 
ferrous  and  ferric  bmnates  (p.  754),  (c)  the  reduction  of  ferric  chloride 
by  iron,  by  hydrogen  8ulj)hide,  and  by  stannous  chloride,  respectively, 
(/)  the  dry  distillation  of  basi?  ferric  sulphate,  ((/)  the  formation  of 
ferric;  ferrocyanidc  and  of  ferrous  ferricyanide,  (A)  the  hydrolysis  and 
dePOin{)osition  of  potassium  ferrate. 

.S.  Explain  the  solubility  of  cobaltous  and  nickelous  hydroxide  in 
salts  of  ammonium. 

4.  Construct  <«]uations  to  show  the  formation  (a)  of  the  insoluble 
potassium  colKiltinitritc  (nitric  oxide  is  given  off),  (A)  of  nickeUc 
hydroxide  from  ni('kelous  chloride  and  sodium  hypochlorite. 

6.  Tabulate  in  detail  the  chemical  relations  of  the  elements  cobalt 
and  nickel,  with  especial  reference  to  showing  the  resemblances  and 
differences. 


CHAPTER  XLV 
THB  PLATINXTM  METALS 

The  remaining  elements  of  MendelejefPs  eighth  group  divide  them- 
selves into  two  sets  of  three  each.  Just  as  iron,  cobalt,  and  nickel 
have  similar  atomic  weights  and  much  the  same  specific  gravity, 
(7.8-8.8),  so  ruthenium  (Ru,  at.  wt.  101.7),  rhodium  (Rh,  at.  wt.  103), 
and  palladium  (Pd,  at.  wt.  106.5)  have  specific  gravities  from  12.26  to 
11.6.  Similarly  osmium  (Os,  at.  wt.  191),  iridium  (Ir,  at.  wt.  193), 
and  platinum  (Pt,  at.  wt.  194.8)  form  a  triad  with  specific  gravities 
from  22.5  to  21.6.  Chemically,  ruthenium  shows  the  closest  resem- 
blance to  osmium,  and  both  are  allied  to  iron.  Similarly,  rhodium  and 
iridium,  and  palladium  and  platinum  are  natural  pairs. 

The  six  elements  are  found  alloyed  in  nuggets  and  particles  which 
are  separated  from  alluvial  sand  by  washing.  Platinum  forms  60-84 
per  cent  of  the  whole.  The  chief  deposits  are  in  the  Ural  Mountains, 
smaller  amounts  being  found  in  California,  Australia,  Borneoj  and 
elsewhere.  The  components  are  separated  by  a  complex  series  of 
chemical  operations. 

Ruthentum  and  Osmium.  —  These  metals  are  gray  like  iron, 
while  the  other  four  are  whiter  and  more  like  cobalt  and  nickel.  They 
also  resemble  iron  in  being  the  most  infusible  members  of  their 
respective  sets.  Both  melt  considerably  above  2000°.  They  likewise 
resemble  iron  in  uniting  easily  with  free  oxygen,  while  the  other  four 
elements  do  not.  Ruthenium  gives  RuO,  and  even  RuO^,  although 
the  latter  oxide  is  more  easily  obtained  indirectly.  Osmium  gives 
OsO<, "  osmic  acid,"  a  wliite  crystalline  body  melting  at  40°  and  boiling 
at  about  100°.  The  odor  and  irritating  effects  of  the  vapor  recall 
chlorine  (Gk.,  oaiirj,  odor).  The  substance  is  not  an  acid,  or  even  an  acid 
anhydride.  The  aqueous  solution  is  used  in  histology,  and  stains 
tissues  in  consequence  of  its  reduction  by  organic  bodies  to  metallic 
osmium.  It  is  affected  particularly  by  fat.  Osmic  acid  also  hardens 
the  material  without  distorting  it.  It  will  be  observed  that  ruthenium 
and  osmium  have  a  maximum  valence  of  eight. 

These  elements  resemble  iron  in  giving  ruthenates  and  osmates, 
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like  KgBuO^  and  E^OsO^,  but  no  corresponding  oxide  or  add.  Pokai- 
sium  mthenate  resembles  potassium  manganate  and  gives,  when 
diluted,  an  oxide  of  ruthenium  and  potassium  perruthenate  KBuOi. 
There  are  also  salts  corresponding  to  the  oxides  Ru^O,  and  Os^O^ 

Rhodium  and  Iridium.  —  These  metals  are  not  attacked  by 
aqua  regia,  while  the  other  four  are  dissolved,  more  or  less  slowly. 
They  are  harder  than  platinum,  and  iridiiun  is  alloyed  with  this  metal 
for  the  purpose  of  increasing  its  resistance  to  the  action  of  acids. 
They  resemble  cobalt  in  having  no  acid-forming  properties.  Salts 
corresponding  to  the  oxides  Sh,0,  and  lr,0,  are  formed,  and  iridium 
gives  compounds  derived  from  IrO,  as  welL  The  most  familiar  com- 
pounds of  iridium  are  the  complex  chlorides  XglrCl,  (=  3XCl,IrCl,) 
and  X,IrCl«(=  2XCl,IrCl4).  The  solutions  of  the  latter  are  red,  and 
the  acid,  cliloroiridic  acid  H,IrClf,  is  often  found  in  commercial  chloro- 
platinic  acid  HjPtCl^  and  confers  upon  it  a  deeper  color. 

Palladium  and  Platinum.. — Palladium  is  the  only  metal  of 
this  family  which  is  attacked  by  nitric  acid.  Palladium  and  platinum 
form  -()ns  iuid  -k  coni{)ounds  of  the  forms  PdXj  and  PdX<  respectively. 
The  oxides  PdO  and  PtO  and  e-orrespouding  liydroxides  are  basic. 
Wlien  quadrivalent,  the  metals  api>eai-  chiefly  in  complex  compound.^;, 
like  Hj.l'MJl,,  Hj.PdC'l„  in  which  the  metal  is  in  the  anion.  Platinum 
gives  also  platinatus  derived  from  the  oxide  PtOj,  and  quadrivalent 
pliitinum  furnishes  no  well  defined  salts  in  which  it  constitutes  by 
itself  the  positive  ion. 

Palladium.  —  This  metal,  named  from  the  planetoid  Pallas,  is 
noted  chiefly  for  its  great  tendency  to  absorb  hydrogen.  At  1000°  it 
takes  up  about  650  times  its  own  volume.  The  amount  absorbed 
varies  continuously  with  the  concentration  (pressure)  of  the  hydrogen, 
althouffh  not  according  to  a  unifonn  rule,  and  the  case  is  thei-efore  re- 
garded as  lieing  one  of  solid  solution.  AVhen  a  strip  of  palladium  is 
mad<^  the  cathode  of  an  electrolytic  cell,  over  900  volumes  of  hvdi-ogcu 
may  be  occluded.  This  absorbed  hydrogen,  in  consequence  of  the  cat- 
alytic influence  of  the  metal,  reacts  more  rapidly  than  does  the  gas,  and 
consequently  a  strip  of  hydrogenized  i)alladiuni  will  quickly  precipitate 
copper  and  other  metals  less  electro-positive  than  hydrogen  and  will 
reduce  ferric  and  other  reducible  salts  : 

CuSO,  +  H,  -*  H.,SO,  +  Vn,   or  Cu"-|-  H,  -» 2H-  +  Cu. 
2FeCl,  +  Hj,  -^  2FeCL,  -|-  2HC1,  or  2re"*+  H,-»2Fe"-t-  2H. 
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The  palladious  salts  are  such  as  PdCl,,  PdSO^,  Pd(NO,)^  Palladic 
chloride,  formed  by  treating  the  metal  with  aqua  regia,  is  contained  in 
the  solution  in  the  form  of  chloropalladic  acid  H^dCl,  ( =  2HC1, 
PdCl^)  and  gives  difficultly  soluble  salts  like  KjPdCl,.  When  the 
solution  of  the  acid  is  boiled,  however,  chlorine  is  given  oU  aud  PdClj 
or  H^dCl^  remains  in  solution. 

PlaHnutn.  —  This  metal  (dim.  of  Sp.  2>lata,  silver)  is  grayish-white 
in  color,  and  is  very  ductile.  At  a  red  heat  it  can  be  welded.  It  does 
not  melt  in  the  Bunsen  flame  but  fuses  easily  in  the  oxyhydrogen  jet. 
On  account  of  its  very  small  chemical  activity  it  is  used  in  electrical 
apparatus  and  for  making  wire,  foil,  and  crucibles  and  other  vessels 
for  use  in  laboratories.  It  unites,  however,  with  carbon,  phosphorus, 
and  silicon,  becoming  brittle,  and  forms  fusible  alloys  with  metals  like 
antimony  and  lead.  Hence  care  has  to  be  taken  not  to  heat  in  vessels 
made  of  it  compounds  from  which  these  elements  may  be  liberated.  It- 
also  interacts  with  fused  alkalies,  giving  platinates,  but  the  alkali  car- 
bonates may  be  melted  in  vessels  of  platinum  with  impunity.  The 
oxygen  acids  are  without  action  upon  it,  but  the  free  chlorine  iu  aqua 
regia  converts  it  into  chloroplatinic  acid  H,PtC],. 

The  metal  condenses  oxygen  upon  its  surface  and  it  dissolves 
hydrogen.  The  iinely  divided  forms  of  the  metal,  such  as  platinum 
Bponge  made  by  igniting  ammonium  chloroplatinate  (NH4)jPtCl„  and 
platinum  blaok  made  by  adding  zinc  to  chloroplatinic  acid,  show  this 
behavior  very  conspicuously.  They  cause  instant  explosion  of  a  mix- 
ture of  oxygen  and  hydrogen,  in  consequenc  of  the  heat  developed  by 
the  rapid  union  of  that  part  of  the  gases  which  is  condensed  in  the 
metal.  A  heated  spiral  of  fine  platinum  wire  will  continue  to  glow  if 
immersed  in  the  mixture  of  alcohol  vapor  and  oxygen  formed  by  lead- 
ing oxygen  through  liquid  alcohol.  The  heat  is  developed  by  the  inter- 
action which  takes  place  between  the  substances  with  great  speed  at  the 
surface  of  the  platinum.  Platinum  sponge  is  the  active  constituent  of 
the  contact-mass  used  in  making  sulphur  trioxide  (p.  380). 

Platinum  is  the  only  otherwise  suitable  substance  which  has  the 
same  coefficient  of  expansion  as  glass,  and  it  is  consequently  fused  into 
incandescent  bulbs  and  furnishes  the  electrical  connection  with  the 
filament  in  the  interior.  Large  amounts  are  also  consumed  in  photo- 
graphy. The  price  of  the  metal  is  subject  to  great  variations,  since  a 
rainy  season  in  the  Caucasus  will  render  larger  amounts  accessible  to 
the  miners,  but,  on  the  whole,  the  many  applications  which  have  been 
found  for  it  have  tripled  its  price  in  the  last  twenty  years. 
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When  special  resistance  to  chemical  or  mechanical  influences  is 
required,  as  in  standard  meters  for  international  reference,  or  points 
of  fountain  pens,  the  alloy  with  iridium  is  employed  {tsf.  p.  240). 

Compounds  of  Platinutn. — Flatliioiu  otaUslde  is  made  by  pass- 
ing chlorine  over  finely  divided  platinum  at  240-250°  or  by  heating 
chloroplatinic  acid  to  the  same  temperature.  It  is  greenish  and  in- 
soluble in  water,  but  forms  with  hydrochloric  acid  the  soluble  chlonv 
platinous  acid  H^PtCl^.  The  potassium  salt  of  this  acid  E,PtCl«  is 
used  in  making  platinum  prints  [ef.  p.  635).  Bases  precipitate  Uack 
pUttnous  hydroziae  Pt(OH),  which  interacts  with  acids  bat  not  with 
bases.  Gentle  heating  gives  the  oxide  PtO  and  stronger  heating  the 
metal.  With  potassium  cyanide  and  barium  cyanide  soluble  platino- 
oyanides,  K,Pt(CN)«  3H,0  and  BaPt(CN)<,  4H,0,  are  formed.  These 
substances,  when  solid,  show  strong  fluorescence,  converting  X-rays  as 
well  as  ultrarviolet  rays  into  visible  radiations.  The  barium  salt  is 
used  to  coat  screens  on  which  the  shadows  cast  by  X-rays  are  received. 

Platlnlc  chloride  PtCl4  may  be  made  by  treating  the  metal  with 

aqua  regia  and  heating  the  oUoroplatlnlo  aoid  II,PtCl,  so  formed  in 

a  stream  of  chlorine  at  360°.    When  dissolved  in  water,  however,  it 

°  gives  a  compound  HgPtCliO  in  which  platinum  is  in  the  anion.     Its 

solution  deposits  red,  non-deliquescvnt  crystals  of  HjPtCl^O,  4H,0. 

Cbloroplatinio  aoid  forms  reddish-brown  deliquescent  crystals 
HjrtCl,,6HjO.  With  potassium  and  ammonium  salts,  it  yields  the 
sparingly  soluble,  yellow  chloroplatinates  KjPtCl,  and  (NH4),PtCl« 
(cf.  p.  561),  in  solutions  of  which  the  platinum  migrates  towards  the 
anode  and  silver  salts  precipitate  Ag,Pt('l«  and  not  silver  chloride. 

Bases  interact  with  chloroplatinic  acid,  giving  a  yellow  or  brown 
precipitate  of  platinio  hydroxide  Pt(0H)4.  This  substance  interacts 
both  with  acids  and  with  bases.  In  the  former  case  the  salts,  which 
probably  are  formed,  have  not  been  isolated.  In  the  latter  case  plati- 
nates,  like  Na^Hjo^'tiOu,  HjO,  have  been  obtained.  Both  sets  of  plati- 
num compounds  interact  with  hydrogen  sulphide,  giving  the  snlpUdea, 
PtS  and  PtSj  respectively.  These  are  black  powders  which  dissolve 
in  yellow  ammonium  sulphide  solution,  much  as  do  the  sulphides  of 
gold,  arsenic,  and  other  metals,  giving  ammonium  sulphoplatinates. 

There  are  numerous  complex  compounds  with  ammonia  represent- 
ing both  the  platinous  and  platinic  series.  They  resemble  the 
ammonio-cobaltic  compounds  in  their  behavior. 
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AccDMiniATOiis,  702 
Acetylene,  496,  515 
Add,  acetic,  498 

ionization  of,  578 

antimonic,  710 

arsenic,  711 

arsenious,  711 

boracic,  527 

boric,  527 

bromic,  277 

carbolic,  441 

carbonic,  481 

chloric,  274 

chlorosulphuric,  399 

chlorous,  275 

chromic,  728 

disulphuric,  388 

dithionic,  398 

formic,  497 

hydrazoic,  422,  452 

hydriodic,  239,  see  Hydrogen  iodide 

hydrobromic,    233,    see    Hydrogen 
bromide 

hydrochloric,  93,  see  Hydrogen  chlo- 
ride 
chemical  properties,  185 
of  constant  boiling-point,  182 

hydrocyanic,  507 

hydrofluoboric,  527 

hydrofluoric,  242 

hydrofluosilicic,  521 

bypobromous,  276 

hypochlorous,  176,  267 

byponitrous,  450 

bypophosphorous,  469 

hyposulpburous,  393 

iodic,  277 

metaphosphoric,  465,  468 

metastannic,  696 

muriatic,  see  Acid,  hydrochloric 
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Acid,  nitric,  93,  438 

fuming,  440 

oxidizing  actions  of,  446 

preparation,  439 

properties,  439 
nitrosylsulphuric,  383 
nitrous,  449 

orthophosphoric,  465,  466,  732 
oxalic,  499 
palmitic,  505 
pentathionic,  398 
perchloric,  276 
perchromic,  729 
periodic,  278 
permanganic,  743 
persulphuric,  397 
phosphorous,  469 
picric,  441 
pyrophosphoric,  467 
tannic,  754 
aelenic,  402 
silicic,  523 
a-stannic,  696 
sulphuric,  93,  382 

chamber  process,  383 

constitution,  391 

contact  process,  380 

fuming,  388 

Nordhausen,  388 

properties,  387,  389 

uses,  393 
sulphurous,  393 
telluric,  403 
tetraboric,  528 
tetrathionic,  398 
thiosulphuric,  396 
trithionic,  398 
Acidimetry,  351 
Acids,  70,  92,  119,  281,  345 
activity  of,  see  Chemical  activity 


1       ^^^H^^BP^         ^'mMi^^^H 

H        Apids.  complex,  salta  of,  3flO,  303,  53fi 

Ammonium  sesquicarbonate,  .'i6A    ^M 

^1             ptinstitution  of,  470 

sulphate,  566                                  H 

^L            dibasic,  ionization  of,  3-t6,  374 

sulphides,  566                                ^M 

^H            ionic  double  detwmpositiona  of,  349 

sulphostannate,  697                      ^^ 

^F            polythionic,  3fl8 

thiocyanat«,  ,'566                             ^^ 

^1         Activity,  see  Chemical  activity 

Amorphous  substances.  123,  13S,  360, 

H         Adsorption,  47B 

475,  519 

H         Affinity,  conatant,  254 

Analysis,  application  of  ionic  hypoth^ 

^K           criticiam  of  word.  29 

ais  in,  3-13 

^H            inapt  use  of  word,  1]0 

of  compounds  of  carbon,  623 

^M             see  Chemical  ttcti%'ity 

recofpiitioQ    of    cations    ("mertak") 

^M         Agar-agar,  313 

in,  660 

^B        Air,  a  misrture,  430 

.Analytical  reactions,  aluminiuni,  68^ 

^1             composition,  431 

ammonium,  568                            ^M 

H             liquid,  434 

antimony,  720                               -^H 

■            solubility,  155 

arsenic,  720                                   ^H 

^B         Albumins,  415 

barium.  612                            ^^^H 

■         Alcohol,  ethyl,  ,'j03 

bismuth,  720                            ^^^H 

H          mcttiyl,  rm 

cadmium,  052                          ^^^^M 

■         Alizarine,  6S0 

calcium.  608,  612                  ^^^M 

■        Alkalies,  348,  MS 

chromititn,  731                       ^^^^| 

^m        Allotropic  modifieutions,  45ft 

cobalt,  762                             ^^^H 

■        Alloys,  532 

coppi.>r,  625                            ^^^H 

H        Alumina,  688 

gold,  639                                ^^H 

H         AlunitDates,  685 

iron,  753                                ^^^H 

^1         Aluminium,  682 

lead,  705                                ^^H 

H             an-tate,  688 

manganese,  745                    ^^^^| 

H           carbidi^.  494 

magnesium,  645                   ^^^^H 

^M           cldoridti.  684 

mercury,  659                         ^^^^^| 

^M            hydroxide,  6.^ 

^^^H 

H            oxide,  680 

potassium,  561                       ^^^^^| 

H            sulphate,  6,S6 

^^^H 

H            sulphide,  687 

sodiutn,  577                            ^^^^H 

^M        Aluminothennv,  540 

strontium,  609,  612                ^^^H 

■         Alums,  547,  632,  687,  730,  741.  7.';fl 

^^^1 

H         Amalgami;.  532 

zinc,  650                                 ^^^H 

■         Amethyst,  .^22 

Anhydride,  chromic,  728          ^^^^| 

^^         Ammonia,  417 

hypocliloroua,  267                    ^^^^H 

ii^ic,  278,  279                       ^^^M 

^M        Ammonion,  56S 

^^^^1 

^^^^.  Ammonium  amalgam,  567 

nitrous,  450                            ^^^^| 

^^^B     bromide,  564 

percldoric,  276                       ^^^^B 

^^^"     carbamate,  566 

penuanganic,  743                   ^^^^^| 

^F           carbonate,  565 

phoi^phoric,  464                     ^^^^^M 

■            chloride,  564 

sulphuric,  380                       ^^^H 

^H            compounds,  420,  564 

sulphurous,  378                     ^^^^^| 

^^^     cyanate,  438,  566 

Anhydrides,  71                           ^^^^B 

^^^h    hydroxide,  56.5 

mixed,  397,  463                             ^M 

^^^    iodide,  564 

various  acids  from  one.  278         ^H 

^[           idtrate,  451 ,  56.5 

Aoions,  ATI                                       ^H 
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Anode,  322 
Antichlor,  397 
Antimonites,  716 
Antimony,  713 

nitrate,  716 

oxychloride,  715 

pentachloride,  715 

pentoxide,  715 

sulphate,  716 

sulphides,  716 

trichloride,  715 

trioxide,  715 
Antimony!  compounds,  716 
Apatite,  455 

Aqueous  tenraon,  82,  88,  116,  135 
Aqua  regia,  448 
Aragonite,  591 

Argentic  compounds,  see  Silver 
Argol,  501 
Aigon,  428,  434 
Arsenic,  707 

pentoxide,  711 

sulpliides,  712 

trichloride,  710 

trioxide,  710 
Arsine,  709 

decomposition  of,  252 
Asbestos,  642 
Asphalt,  492 
Assaying,  639 
Association,  242,  294 
Atmosphere,  426 
Atom,  196 

definition  of,  218 
Atomic  hypothesis,  217 
Atomic  volume,  407 
Atomic  weight,  definition  of,  201 
Atomic  weights,  50 

determination  of,  199 

table  of,  203,  204,  inside  rear  board 
Attributes  of  bodies,  35 
Avogadro's  hypothecs,  131,  190,  288 
Azurite,  616 

Bacteria,  nitrifying,  438 
Balanced  actions,  248 
Barium,  609 

carbonate,  610 

chlorate,  611 

chloride,  611 


Barium,  chloride,  hydrated,  121 

chromate,  728 

dioxide,  611,  «ee  Peroxide 

hydroxide,  612 

nitrate,  612 

oxide,  611 

peroxide,  63,  303,  304,  611 
dissociation  of,  257 

sulphate,  610 

sulphide,  610 
Baryta-water,  612 
Bases,  71,  119,  281,  348 

ionic  double  decompositions  of,  350 

solubilities  of,  544 
Basicity,  358 

Battery-cells,  666,  see  Cells 
Battery,  theory  of,  667 
Bauxite,  685 

Bead  tests,  468,  528,  731,  745 
Beer,  502 
Benzene,  497 
Benzine,  492 

Beryllium,  see  Glucinum,  641  . 
Bessemer  process,  749 
Bicarbonates,  see  Hydrogen  carbonates 
Bichromates,  see  Dichromates 
Bismuth,  717 

compounds,  718 
Bisulphates,   see   Hydrogen  sulphates 
Bisulphites,  see  Hydrogen  sulphHea 
Bleaching,  269,  394 

powder,  266,  602 
Blue-stone  (blue  vitriol),  120,%25 
Body,  meaning  of  tenn,  34 
Boiling-point  of  mixed  liquids,  182, 503 
Boiling-points,  elevation  of,  162 

of  solutions,  162 
Bone-ash,  456,  605 
Bone  black,  476 
Borates,  528 
Borax,  528 
Boron,  526 

carbide,  529 

nitride,  529 

trichloride,  527 

trifluoride,  527 

trioxide,  529 
Boyle's  law,  84,  288 
Brandy,  602 
Brass,  619 


H^                      ^j^^^^^F        INDEX           ^^^^^^^^H 

1 

^H        Brimstone,  367 

Carborundum,  520                   ^H 

1 

^H         Brin'a  oxygen  process,  63,  61 1 

Camallite,  551,  642,  643          ^1 

^M 

^H         Bromine,  227 

Cassiterite,  693                          ^M 

^H 

^H             chemical  proijerties,  230 

Catalytic  action,  75,  96,  111,  SS 

^M 

^1            physical  properties,  229 

Cathode,  322                             jM 

^M 

^H             preparation,  227 

Cations,  322                                ^M 

^H 

^M        BrotiM-,  619 

Cause,  in  Science,  30                ^H 

^H 

^1         Brucite,  644 

Caustic  potasli,  552                 ^H 
CeU,  Bunsen,  673                     ^1 

1 

^^           CADMltlU,  650 

Doniell,  672                         ^M 

^M 

^^^^H      compounds,  651 

diehromate,  673                  ^H 

^M 

^^^KCaeBiuRt,  563 

dry,  673                                 H 

^H 

^^^^  Calamine,  646 

gravity,  672                          ^M 

^M 

^V        Calcination,  -156 

Leelanch^,  673                     ^H 

^M 

^M       Cuicion,  ma 

storage,  7U2                           ^U 

^M 

H         Calcite,  591 

Cells,  batten,-,  666                      ^M 

^H 

^H         Calcium,  ,^S9 

con cpnt ration,  673                 ^M 

^M 

H             carbide,  478,  602 

(V'Uuloae,  .500                             ■ 

^H 

^H             earbotiiite,  501 

Cement,  597                              ^H 

^M 

^1              chloride,  m) 

a-rium,  510,  682,  705              S 

^M 

^H             chroiiiute,  727 

Chulk,  591                                 ^^1 

^H 

^m            fluoride,  mi 

Chalybeate  water,  483             ^H 

^M 

^M             hydride,  .589 

Chance's  proeea,  574               ^^ 

^B 

^M            livdrogen  sulphite',  395 

Characteristics   of   clicmical    pbe 

Dom- 

H            hydroxide,  ."WS,  ,596 

ena,  .5.  16,  17,  20.  27,  41,  -1, 

8_ 

^H             nitrate,  602 

Charcoal,  476 

m 

^H              oxalate,  597 

properties,  476 

m 

^H             oxid«!,  595 

Clmriea'  law,  85,  87 

■ 

^H             phoapluit^a,  005 

Chemical  activity,  cause  of.  2S 

V 

^H             phosphide,  461 

measurement  of,  28,  79,  111, 

678, 

^B             silicaU',  606 

679 

^m 

^H              sulphate,  603 

of  acids,  347,  356,  679 

m 

^B             sulphi*,  604 

Chemical  chang(>,  spontaneously 

pW 

^B         Calculatdons,  58,  65,  91,  215 

gressing,  27 

■         Calomel.  654 

varieties  of,  14,  99, 121.  176, 181, 

187, 

^B          Calorie,  76 

360  (ionic),  .■J97.  520 

^H         Cane-sugar,  500 

Chemical   relations  of  eleuieots, 

i& 

^m         Carboliydrates,  500 

226.  719 

m 

^m         Carbon,  473 

Chemistry,  methods  of  work  in,  39^| 

^H             amorphous,  475 

Chineae  white,  648 

m 

^H             properties,  477 

Cinnabar,  6.53 

m 

^H^            dioxide,  479 

ClJorates,  272 

■ 

^^^^_          properties,  480 

Chlorides,  electrolysis  of,  160 

■ 

^^H      disulphide,  48S 

interaction  with  acids,  179 

■ 

^^^V     monoxide,  485 

solubility,  185                        _^ 

■ 

^^f                properties,  486 

Clilorine,  168                             ^M 

■ 

^H         Carbonates,  482 

bleacliinR  action,  177            ^^^ 

■ 

^H        Carbonates,  ftnid,    tee  Hydrogen  c&r- 

chemical  properties.  174 

■ 

^H                     bonates 

eliemical  relations,  177         ^^ 

■ 

^1         Carbonyl  cUoride,  487 

dioxide,  275                           ^H 
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Chlorine,  physical  properties,  173 

preparation,  168 

test  for,  175 

uses,  177 
Chlorofoim,  494 
Choke-damp,  493 
Chrome-alum,  730 
Chromic  acetate,  731 

anhydride,  728 

chloride,  729 

oxide,  730 

hydroxide,  729 

sulphate,  730 
Chromites,  729 
Chromium,  722 

trioxide,  728 
Chromous  compounds,  731 
Chromyl  chloride,  728 
Clay,  525,  689 
Coal,  477 
Cobalt,  758 

complex  compounds,  760 

zincate,  648 
Cobaltic  compounds.  760 
Cobaltous  compounds,  759 
Coke,  475 

Colloidal  solution,  523 
Colloids,  524 
Columbium,  721 
Combination,  14 
Combining  proportions,   measurement 

of,  43 
Combining  weights,  46 

law  of,  48 
Combustion,  71 

Common  ion,  effect  of  adding,  580 
Complex  cations,  534,  614, 622, 661, 662 

cadmium,  652 

chromium,  729,  730 

cobalt,  759,  760 

copper,  620,  622,  623,  625 

mercury,  659 

nickel,  761 

platinum,  766 

silver,  629,  631 

zinc,  648 
Component,  definition  of,  34 
Comjxjund,  15 
Compounds,  binary,  103 

molecular,  123,  443 . 


Concentration,  molar,  250 

molecular,  law  of,  252 
illustration  of  law  of,  394 

of  gases,  80 
Conditions,  35,  52 
Conductivity,  electrical,  325 
Cond/s  disinfecting  fluid,  743 
Congo  red,  355,  689 
Conservation  of  mass,  17 
Constant,  depression,  291 

ionization,  297 

heat  summation,  law  of,  78 
Constituent,  definition  of,  34 
Constitution  of  acids,  470 

of  substances,  104, 224, 279, 308, 391, 
421,  441,  451,  466 
Copper,  615 

acetylene,  496,  516 

properties,  618 
Corpuscles,  222,  735 
Couples,  electrical,  96,  673 
Corrosive  sublimate,  655 
Crayon,  591 
Cream  of  tartar,  502 
Critical  phenomena,  133 
Cryolite,  683 
Crystal,  forms,  137 

structure,  140 
Crystallization,  water  of,  123,  181,    see 

Hydrates 
Cupric  acetate,  624 

bromide,  621 

ionization  of,  335  ^ 

carbonate  (basic),  623 

chloride,  619  i 

cyanide,  624 

ferrocyanide,  286,  299,  757 

hydroxide,  623 

iodide,  621 

nitrate,  623 

oxide,  43,  622 

sulphate,  624 

hydrated,  120,  122 

sulphide,  625 
Cuprous  cliloride,  620 

cyanide,  624 

iodide,  621 

oxide,  622 

sulphide,  625 
Cyanogen,  507 
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Dalton's  kw  of  partial  preasures,  88" 
Deacon's  proceaa,  170 
Decomposition,  15 

potentials,  324,  675 
Decrepitation,  556 
Definite  proportions,  law  of,  41 
Deliquescence,  162 
Densities  of  gases,  193 

measurement  of,  89,  90 
Densities  of  soluticxis,  164 
"Derived  from,"  meaning  of  term,  278 
Dextrose,  500 
Dialysis,  523 
Diamond,  474 
Dichromates,  chemical  properties  of, 

726 
Diffusion,  in  gases,  107 

in  liquids,  136 
Dilution  formula,  Ostwald's,  298 
Dimorphous  substances,  369 
Discharging  potentials,  324,  675 
Displacement,  95,  99 

ionic,  342,  361 
Dissociation,  121 

hydrolytic,  181,  see  Hydrolysis 

in  solution,  proofs  of,  281,  289,  292, 
293 

of  compounds  (by  heat),  208 

pressure,  257 
Distillation,  38 

fractional,  399,  492 

in  vacuo,  276,  471 
Dolomite^  642 
Double  decomposition,  15 
Dulong  and  Petit's  law,  211 
Dyeing,  688 

EARTHEN\^'ARE,  689 

Efflorescence,  121,  123,  162 
Electrolysis,  310.  675 

of  chlorides,  169 
Electrol>-tc8,  296,  310 
Electromotive  chemistry,  664 

force,  665 

series,  361,  670,  676 
Electrons,  222,  735 
Electroplating,  632 
Element,  definition  of,  31,  32 

not  same  as  simple  substance,  32, 
67 


Elements,  baae^otmiiig,  m»  TOawM^t^ 
metallic 

chemical  relations  of,  177,  220,  719 

metallic,  119,  337,  404,  533 
daasification  of,  637 
Elements,  molecular  wBights  at,  206 

negative,  322,  405 

non-metallic,  119,  337,  405,  534 

positive,  322,  404 

quantities  of  terrestrial  matfria],  S3 
Endothermal  actions,  27 
E^nergy,  and  chemical  change,  10,  28 

chemical,  25 

conservation  of,  23 

definitions  of,  2i,  24 

factors  of,  677 

free  or  available,  26 

imits  employed  in  measuring,  2S 
Enzjrmes,  501 
Epsom  salts,  644 
Equations,  54 

making  of,  65,  69,  208,  274,  447 

molecular,  208 
Equilibria,  displacement  of,  257 
Equilibrium,  117,  135 

chemical,  246 

ionic,  297 
conridered  quantitativdy,  578 
Equivalents,  49jJ02 
Esters,  504 
Ether,  147,  506 

luminiferous,  24 
Ethyl  acetate,  504 

sulphate,  504 
Ethylene,  495 

bromide,  496 
Ebccess,  meaning  of  term,  43 
Ebcothermal  actions,  27 
Explanation,  its  nature,  10 
Exploaves,  452 

Factors  of  energy,  77,  677 

Fat,  505 

Fehling's  solution,  623 

Fermentation,  501 

Ferrates,  758 

Ferric,  compounds,  754,  755,  756 

thiocyanate,  250,  757 
Ferrous,  compounds,  753,  754 

sulphide,  12,  42,  371 
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ral 

^  FertUizers,  415.  4fi7,  605 

Green  fire.  611                                  j 

^fl 

FUtrate,  U 

Greenockite,  aTO                                V 

^^H 

Fire-damp,  493 

Gun-cotton,  441,  452,  JMM               1 

^^H 

Flwnc,  509 

Gunpowder,  557                               1 

^^H 

Bunscn,  511,  512 

Gypeum,  603 

^^^1 

Flame,  eliemif^  changea  in,  513 

^1 

Flaeh -light  powder.  &13 

Halogen  family.  226,  243,  279 

^1 

Fluorine,  preparation,  240 

Heat,  of  fuMon,  U5 

^1 

^B        propertip«,  241 

of  solution,  16-1                                j 

^^H 

H    Fluoritc,  591 

of  vaporization,  118                     ■ 

^^^p 

P^    Hux,  529 

Hcavv-spar,  610                               M 

^^H 

Fonnube,  53 

Hcliuui,  4.36,  563,  736                      1 

^^^1 

|h        graphir,  se;  Constitution  nf  subsUnoes 

Homologous  series,  491                   fl 

^^H 

^1       making  of,  55.  gee  Ek]uatiaii8 

Hydrargyllit*,  685                           1 

I^^H 

^H       molecular,  of  coinpnunils,  2fM 

Hydrates  (hydrosideR).  120 

^^^B 

^1            of  simple  aubstances,  305 

(substances     containing     water 

of  M 

^H        structural,  see  Constitution  of  sub- 

cryirtallization),  120 

^1 

^P                stances 

of  salts,  compowtion  of,  545 

^H 

~    Fnmklinite,  646,  756 

vapor  tension  of,  121 

^^^H 

FreeKing  mbrtureB,  164 

Hydrazine,  42*2 

^^H 

Freezing-point,    depression     constant, 

Hydrion,  properties  of,  346 

^^H 

291,^4 

Hydrocarix)ns.  490 

^^^p 

Freezing-points,  dcpri'ssioii  ot,  163, 290 

properties  of,  493 

^^H 

of  eolutions,  163,  290 

H>'drogele,  ,523 

^^^P' 

Furnace,  blast.  748 

Hydrogen,  92 

^^H 

electric,  457,  479 

chemirid  properties,  lOS 

^^H 

H        reverberatoiy,  572 

physical  properties,  106 
prepamtion,  93,  95,  97,  99,  362 

^B 

W   Galena,  698,  705 

bromide,  preparation,  230 

^1 

Gallium,  681 

properties,  232 

^1 

Garnet,  5Z^,  6S3 

clJoride,  chemical  properties,  183 

H 

Gas,  illuminating,  composition  of,  513 

composition,  183 

^^i 

Gases,  densities  of,  193 

physical  propertied,  182 

H 

drying  of ,  100 

preparation,  178,  585 

H 

liquefaction  of,  432 

fluoride,  phymca!  properties.  241 

^1' 

purification  of,  100 

preparation,  241 

^1 

solubility  of,  153 

iodide,  dissociation  of,  254 

^1 

Gasoline,  492 

interaction  with  sulphuric  arid,  237  ^| 

Gay-Lussat^'s  law,  see  ChaHes'  law 

preparation,  237 

^H 

of  combiiiinf?  volumes,  125 

properties.  239 

^H 

Oermaniuin,  692 

pentaaulphide,  37li                        j 

^^H 

Glaaa,  606 

pcfTjxide,  126,  303                      i 

^^H 

Glauber's  edt,  120,  158,  160,  .■;76 

Bclenide,  401                                    1 

^^^H 

Glucose.  .WO 

sulphate,  properties,  387             ■ 

^^H 

Glycerine,  m^ 

sulpliide,  371                                  ' 

^^H 

Gold,  63,5 

chemical  propertlea,  373,  374 

^H 

compounds  of,  638 

telluride,  403 

^^H 

Gmm-molcrulur  volume,  199 

Hydrolysis,  definition  of,  181 

^^^1 

Grape-sugar,  ,500 

of  halogen  compounds,  ,534 

^^H 

Graphite,  475 

of  salts,  344 

1 
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Hjrdroaole,  523 

Hydroxidian,  properties  of,  349 
Hydroxylamine,  423 
Hypobromites,  276 
Hypochloritee,  265 
Hypotheses,  foimulative,  141 
Hypotheses,  stochastic,  142 
Hypotheos,  128 

atomic,  217 

Avogadro's,  131,  190 

oorpiucular,  222 

ionic,  296,  317 

kinetic-molecular,  128 

molecular  applied  to  solutions,  150 

Ice, 115 

Iceland  spar,  691 
Identification,  means  of,  35,  39 
Illuminating-gas,  compositioa  of,  613 
Indicators,  363,  355 
Indigo,  688 
Indium,  681 
Ink,  754 

Insoluble  compounds,  theory  of  preci- 
pitation of,  581,  585,  601,  644 

theory  of  solution  of,  585,  598,  601, 
621,  644,  648 
Internal  rearrangement,  15,  488 
Inversion,  500 
Iodine,  233 
Iodine,  chlorides,  244 

pentoxide,  278,  279 

preparation,  234 

properties,  235 

uses,  236 
lodimetiy,  236 
Iodoform,  494 
Ion,  common,  ciTect  of  adding,  580 

definition  of,  321 

product,  583 
Ionic  concentration,  585 

hypothesis,  296,  317 
objections  to,  319 
Ionization,  degrees  of,  329 
lonogcns,  296 
Iridium,  764 
Iron,  746 

alum,  756 

carbonyls,  757 

cast,  748.  751 


Iron,  chemical  f  upertie%  7B2 

cyanidea,  756 

wrought,  7tt 

ase  Ferrous  and  Feixie 
IsomeiB,  262,  488,  80S 
laoounphiani,  645 

KAinm,  360,  569 
Kalk)n,561 
Kaolin,  625,  689 
Kerosene,  402 
Kieserite,  645 
Krypton,  437 

Lakdb,  689 

Lanthanum,  681,  682    - 
LBmpbla<^476 
Law,  definition  of,  7 

Dulon^  and  FMit's,  211 

Faraday's,  315 

Gay-Luasiic's,  125 

Henry's,  154 

Le  Chi^eUer's,  260 

misconceptions  in  r^ard  to  the  ni 
tune  of,  7 

of  combining  weights,  48 

of  mobile  equilibrium,  260 

of  partition,  155 

periodic,  410 

van  't  HofTs,  260 
Laws,  two  kinds  of,  191 
Lead,  698 

acetate,  704 

carbonate,  704 

chlorides,  700 

chromate,  727 

hydroxide,  701 

iodide,  700 

nitrate,  703 

oxides,  700,  701,  702 

suf^ar  of,  704 

sulphate,  704 

sulphide,  705 
Le  Blanc  soda  process,  572 
Light,  see  Photochemistry 
Lignin,  395 
Lime,  chloride  of,  see  Bleaching  powdt 

milk  of,  596 

superphosphate  of,  467,  605 
Limestone,  591,  592,  595 
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Liquefaction  of  gaaes,  432 
Litharge,  700 
Lithium,  577 
Litmus,  70,  355 
Lodestone,  756 
Lunar  caustic,  631 

Maonajjum,  683 
Magnesia  alba,  644 
Magnesium,  642 

ammonium  arsenate,  645 

carbonate,  644 

chloride,  643 
,    hydroxide,  644 

oxide,  643 

phosphates,  645 

sulphate,  644 

sulphide,  645 
Malachite,  616 
Manganates,  737,  741 
Manganese,  737 

dioxide,  63,  171,  398 

oxides  of,  738 
Manganic  compounds,  737,  740 
Manganites,  737,  741 
Manganous  compounds,  737,  739,  740 

sulphate,  739 
Marsh  gas,  493,  709,  714 
Mass  action,  250 
Massicot,  700 
Matches,  460 
Matrix,  367 
Matter,  23 

Mercur-ammonium  compoimds,  659 
Mercuric,  cyanide,  658 

fulminate,  658 

oxide,  12,  61 

thiocyanate,  658 
Mercury,  652 

chlorides,  654 

iodides,  656 

nitrates,  657 

oxides,  656 

sulphides,  657 
Metallic  elements,  119,  337,  404,  534 
Metals,  electrical  conductivity  of,  532 

extraction  from  ores,  540 

hydroxides  of,  541 

occurrence  of,  539 

oxides  of,  541 


Metals,  physical  properties  of,  530 

see  Metallic  elements 
"Metals,"  recognition  of,  in  aiudysis, 

660 
Metastable  condition,  159 
Methane,  493 
Methyl,  formate,  504 

orange,  355 
Mica,  525 

Microcosmic  salt,  467,  567 
Migration,  ionic,  312 

speed  of,  314 
Minium,  701 

Mobile  equilibrium,  law  of,  260 
Mohr's  salt,  764 
Molar,  volume,  199 

weight,  197 
Mole,  197 
Molecular,  compounds,  443 

magnitudes,  140 

weight,  chemical  tmit  of,  196 

weights,  191 
in  solution,  289,  292,  305 
of  elements,  206 

rule  for  measuring,  197,  199,  210 
Molecule,  the  chemical,  198,  296 
Molybdenum,  compounds  of,  732 
Mordants,  689 
Mortar,  597 
Multiple  proportions,  law  of,  41 

Naphtha,  492 
Nascent  state,  272,  423,  446 
Natrion,  677 
Neon,  437 
Neodymium,  682 
Nemst  lamp,  706 
Nessler's  reagent,  659 
Neutralization,  266,  351 

theory  of,  353 

thermochemistry  of,  367 

volume  change  in,  358 
Nickel,  700 

carbonyl,  762 

compounds,  761,  762 
Niobium,  721 
Nitrates,  442 
Nitric  oxide,  442 
Nitrites,  449 
Nitrogen,  62,  415 
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NitrageD,  chloride,  434 

iodide.  425,  46S 

ogddM,438 

oxygen  adds  of,  438 

tetroxide,  444 
Nitroglyoerine,  441,  452,  604 
Nitroqd  cliloride,  448 
Nitrous  oxide,  450 
Nomenclature,  acids  and  salts,  263 

ionic  hypothecs,  296,  321 
Non-ionic  actions,  364 
Non-metallic  elements,  119,  405^  534 

OcTAim,  law  of,  406 

Oleum,  388 

Orpiment,  712 

Osmium,  763 

Oxidation,  70,  72,  110,  464 

Oxides,  70 

Oxygen,  61 

atomic  weight  why  wrtaaw,  196 

chemical  properties,  67 

physical  properties,  66 

preparation,  63 
Osone,  300 
Ozocerite,  492 

Palladittm,  764 

Paper,  manufacture  of,  395,  501,  680 

Paris  green,  624,  712 

Parke's  process,  627 

Pattinson's  process,  627 

Pearl  ash,  658 

Perfect  gas,  85 

Periodates,  278 

Periodic  system,  407 

applications  of,  4lZ** 
Peroxides,  308 
Petroleum,  491 

ether,  492 
Pewter,  694 
Phase  rule,  592 
Phases,  156 
Phenol,  441 
Phcnolphthalein,  355 
Phlogiston,  9 
Phosgene,  487 
Phosphine,  461,  469 
Phosphonium  compounds,  462 
Phosphorus,  465 


PhoaphoTus,  acida  td,  486 

haUde8,462 

oxidea,464 

pentacUoiide,  462 
dissociation  of,  255 

pentoxide,  464 

prepaiation,  455 

properties,  457 

red,  467 

sulphides,  471 

trichloride,  462 

trioxide,  464 

uses,  460 

yellow,  467 
Photochemistry,  458,  484,  633 

of  idant8,483 
Photography,  633 
Phyrics  needed  in  the  study  of  che 

istry,  39,  65 
Knk-salt,  695 
Plaster  of  paris,  603 
Platinum,  765 

compounds  of,  766 
Humbates,  702 
Plumbic,  see  licad. 
Polarization,  324,  675 
Polymerization,  242 
Polysulphides,  376 
Porcelain,  690 
Potassamide,  420 
Potassium,  549 

aluminium  sulphate,  687 

arsenite,  712 

bromate,  656 

bromide,  552 

carbonate,  557 

chlorate,  64,  275,  555,  583 

chloride,  550 

chromate,  723 

cyanate,  607,  669 

cyanide,  558 

dichromatc,  725 

ferrate,  758 

ferricyanide,  757 

ferrocyanide,  756 

fluorides,  662 

hydride,  550 

hydrogen  sulphate,  560 
sulphide,  560 
tartrate,  561 


INDEX 


7TT 


Potassium,  hydroxide,  552,  558 

iodate,  556 

iodide,  551 

metaQtimoniate,  716 

nitrate,  556 

oxides,  555 

percarbonate,  558 

perchlorate,  556 

pennanganate,  742 

plumbate,  702 

pyroBulphate,  560 

sulphate,  559 

sulphides,  560 

thiocyanate,  508,  550 

zincate,  648 
Potential,  chemical,  678 

diffeieDces  (anions),  676 
(cations),  670 

discharging,  675 
Precipitate,  13 

I^cipitation,   in   ionic   actioDB,    339, 
350 

rule  for,  587 

rule  of  (Berthollet's),  259 
Pressure,  dissociation,  257 

osmotic,  151,  283,  299 

partial,  88 

solution,  152 

vapor,  115,  135 
Principles,  summary  of,  188,  262 
Properties,  specific,  35 
ProuBtite,  626,  713 
Prussian  blue,  767 
Pumice-stone,  525 
Pure,  chemically,  definition  of,  34 
I*utrefaction,  501 
Pyrargyrite,  626,  717 
Pyrite,  42,  756 
Pyrosulphates,  388 

QUARTATION,  532 

Quartz,  522 
Quicldime,  592,  595 
Quickmlver,  653 

Radicals,  93 

organic,  494,  499 

valence  of,  104 
Ra(Uo-activity,  733  ' 
Radium,  733 


Realgar,  712 
Red,  fire,  658 

heat,  temperature  coiwpoading  to, 
73 

lead,  701 
Reduction,  72,  110 
Revernbfc  actions.  176, 179,  237,  246 
Rhodium,  764 
Rhombohedron,  14 
Roasting,  378 
Rock  crystal,  522 
Rouge,  755 
Rubidium,  563 
Ruthenium,  763 

Salammoniac,  564 
Saltpeter,  438,  569 
Salts,  264,  281,  337 

acid,  358 

basic,  359 

composition  of  hydrates  of,  545 

definition  of  term,  365 

double,  360 

general  methods  of  making,  542 

ionic  double  decompodtions  oi,  337 

mixed,  359 

nomenclature  of,  263 

of  complex  acids,  380,  363 

of  hydrogen,  345 

of  hydroxyl,  348 

precipitation  of,  339,  686 

solubilities  of,  157,  544 
Samarium,  681 
Sand,  522 
Saponification,  505 
Scandium,  681 
Scheele's  grsen,  624,  712 
SchUppe's  salt,  717 
Sciences,  dasrafication  of,  8 
Scientific  method,  4,  6,  10,  16,  17,  23, 

28-30,  128,  141, 191 
Selenium,  401 

Semi-permeable  partitions,  284,  299 
Shoenite,  559 
SiUcates,  524 
Silicon,  518    ' 

carbide,  520 

dionde,  522 

hydride,  610 

tetrachloride,  620 
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^Silicon,  tetrafluoride,  521 
SUver,  626 

anenate,  632 

carbonate,  631 

chloride,  14 

chiomate,  632,  728 

complex  compounda  of,  620 

cyanide,  630,  632 

halides,  629,  633 

nitrate,  13,  631     ' 

orthophoephate,  632 

oxides  of,  630 

-plating,  632 

properties,  628 

sulphate,  632 

sulphide,  632 

thiosulphate,  630 
Simultaneous  actions,  231,  272,  276 
Slag,  540 
Soap,  506 
Soda,  crystals,  673 

washing,  573 
Sodium,  569 

aluminate,  90,  685 

amalgam,  569 

arsenite,  712 

carbonate,  manufacture,  571 
properties,  575   ■■-  •" 

chloride,  13,  570 

chromate,  724 

dichromate,  725 

hydride,  669 

hydropen  carbonate,  576 

periodate,  279 

hydroxide,  570 

hyposulphite,  393 

"hyposulphite,"  see  Thiosulphate 

nitrate,  14,  571 

nitrite,  571 

oxide,  571 

pentasulphido,  376 

peroxide,  303,  :M»8,  571 

phosphates,  577 

plumbite,  701 

pyroantimoniatc,  577,  716 

silicate,  577 

stannate,  690 

sulphate,  576 

hydrated,  120,  158,  160 

tetraborate,  528,  577 


Sodium,  tluosulphate,  576 

ilncate,  99 
Soldering,  421 
Solttbility,  curves  of,  157, 168 

data,  147,  164,  167,  531 

Independent,  153 

influence  of  temperature  oo,  156 

Umita  of,  146 

measurement  of,  147 

of  gases,  153 

product,  583 

separation  of  substances  by,  273 
Solution,  145 

definition  of,  165 

heat  of,  164 

in  two  solvents,  156 

of   insoluble   substances,    585,   598, 
601,  621,  644,  648 

scope  of  word,  146 
Solutions,  boiling-point  of,  162 

denmties  of,  164 

freezing-points  of,  163 

general  properties  of,  145 

is-osmotic,  286 

molar,  149 

normal,  148 

saturated,  148,  153,  161,  581 

solid,  146 

standard,  236 

supersaturated,  159 

vapor  tension  of,  161 
Solution  tension,  hypothesis  of,  670 
Solvay  soda  process,  .'>74 
Specific  heats  of  elements,  211 
Spectroscope,  561 
Spectrum,  562 
Speed  of  reaction,  111,  251,  394 

affected  by,  catalysis,  76 
concentration,  74,  250,  394 
solution,  76,  283 
temperature,  73 
KSpinellcs,  686 
Spirit  of  hartshorn,  418 
Stable,  meaning  of  term,  110 
Stannous,  see  Tin. 
Starch,  500 
Steam,  115 
Stearin,  506 
Steel,  properties  of,  750 

theory  of  tempering,  750 
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Stibine,  714 
Stibnite,  714 
Storage  battery,  702 
Strontium,  chloride,  60& 
hydrated,  121 

chromate,  728 

compounds,  608 

peroxide,  305 
Structure,    molecular,    213,    224,    see 

Constitution. 
Sublimation,  235,  463 
Substance,  meaning  of  term,  30,  32,  35 
Substitution,  176 
Suint,  557 

Sulphantimoniates,  717 
Sulphantimonites,  717 
Sulpharsenates,  712 
Siilpharsenites,  712 
Sulphates,  390 

acid,  390,  see  Hydrogen  sulphates 
Sulphides,  375 

relative  solubilities  of,  651 
Sulpliites,  395 

Kulphocyanates,  see  Thiocyanates 
Hulphostannate,  697 
Sulphur,  11,  367 

chemical  properties,  370 

chemical  relations,  377 

crystalline  form,  11 

dioxide,  378  . 

family,  chemical  relations  of,  403 

monochloride,  398 

oxides  of,  378 

oxygen  acids  of,  381 

physical  properties,  368 

tetrachloride,  399 

trioxide,  380 
Sulphuretted  hydrogen,  see  Hydrogen 

sulphide 
Siilphuryl  chloride,  399 
Summary  of  principles,  188,  262 
Superphosphate  of  lime,  467,  605 
Sylvite,  551 
Symbols,  53 
Synthesis,  473 
System,  meaning  of  term,  158 

Tantaium,  721 
Tartar-emetic,  716 
Tellurium,  402 


Temperature,  critical,  134 
Tests,  99 
Thallium,  681 
Theory,  see  Hypotheas 
Thermochemistry,  76, 233, 271, 307, 357 
Thionyl  chloride,  399 
Thiocyanates,  250,  608,  559,  757 
Thorium,  510,  705 
Tin,  693 

bromide,  695 

chloride,  694,  695 

hydroxide,  696 

oxides,  696 

-stone,  693 

sulphides,  697 
Titanium,  705 
Titration,  352 
Touch-paper,  557 
Transformation  by  steps,  453 
Transition  points,  115,  118,  369,  594 
Triethylamine,  156 
Tungsten,  732 
Tumbull's  blue 
Turquoise,  683 
Type-metal,  699 

UlAltAUABINIi,  690 
Units,  25,  58,  533 

electrical,  665 
Uranium,  compounds,  733 
Urea,  487 

Valence,  101 

definitions  of,  102,  103,  106 

exceptional,  106 

multiple,  105 

of  radicals,  104 
Vanadium,  721 
Vapor,  densities,  90 

pressure,  115,  135 

tension  of  solutions,  161 
Velocity,  see  Speed  of  reaction 
Venetian  red,  755 
Verdigris,  624 
Vermilion,  658 
Vinegar,  498 
Vitriol,  blue,  120,  625 

green,  754 

oil  of,  see  Acid,  sulphuric 

white,  649 
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VHriola,  546,  M» 
Volume,  atomic,  407 

molar,  199 
Volumetric  aaalyite,  Stt 

Watbr,  113 

chemical  pcopeftiea^  118 

oompo8iti<m,  124 

electoolyaa,  676 

gas,  48S 

hard,  113,  504 

i<miaati<m  <rf,  331 

mineral,  118 

of  cryHtBlliiatiop,  aw  Hydntaa 

phyncal  properties,  114 

piurificati(m,  113 
Woght,  molar,  107 

Weights,  atomic,  Me  under   iktomie 
weights 

uolecular,     *m     under    m«LiaiiU» 
weights 
Weldon  piocesB,  741 


WeUMcfa  mantles,  706 
Whiskey,  477,  fi02 
White  lead,  704 
Wine,  601 

XxNON,  437 

YmBBTOif,  681 
Yttriian^OSl 

Zinc,  646 

acetate^  648 

-blende,  646,  640 

carbonate,  648 

chloride,  647 

hydnndde,  648 

oxide,  646, 648 

sulphate,  640 

sulpUde,  648 

-white,  648 
Zincates,  648 
Zirconium,  706 
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Aluminium 
Antimony 
Argon    . 

Arsenic  ■ 

Barium  . 

BiEmutb 

Bortin    . 

Bromine 

Cadmium 

CaeKiura 

Calcium 

Carbon  . 

Cerium  . 

Chlorine 

CUniiuiam 

C'obait    . 

Columbium 

Copper  . 

Erbium 

Fluorine 

Giuldliuium 

Gallium 

(Germanium 

Gluctnum 

Gold.     . 

Helium  . 

Hydrugen 

Indjuni 

lorltne    , 

Iridium  . 

Iron  .     , 

Krypton 

Lanthanum 

Lead .     . 

Lilliiuni 

Ma^neftlum 

Mangsnese 

Mercury 

Molybdenum 
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27.1 

120,2 

3H .  i) 

75.0 

137.4 

11  .0 
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Neodyiutum 
Neon  .  . 
Nickel  .  . 
Nitrogen  , 
Oaiulum  , 
( lxyB«?n     . 


Kd 

Ne 

m 

N 

Ob 

O 


14S,8 

ao 

68.7 
14.04 

IIH. 


C151  tjmlth.  A,     c;.-w. 
S64     Introduction  to 
1907     general  inorganic 


-c^^s^swr- 


y 


y 
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decimal  point,  the  value  of  | 


